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CopyriGut, 1939, By THE AMERICAN MEDICAL ASSOCIATION 


SIMMONDS’ DISEASE AND ANOREXIA NERVOSA 


HENRY B. RICHARDSON, M.D. 


NEW YORK 


In 1914 Simmonds? described the destruction of the anterior lobe 
of the hypophysis which he observed at autopsy in certain cases and 
reconstructed from the history the clinical picture of the disease which 
now bears his name. Later? (1916 and 1918) he published reports of 
4 more cases. In 1933 Silver * collected reports of 41 cases and added 
1 of his own, in all of which the diagnosis was proved at autopsy, 
destruction by one lesion or another being present in the anterior lobe. 
Many other cases have been reported in which the diagnosis was made 
clinically, recent examples being those of Howard and Rhea‘ (1936) 
and Regester and Cuttle ® (1937). Smith ® (1930) removed the anterior 
lobe of the hypophysis of the rat without injury to the hypothalamus 
and provided an experimental counterpart of the disease. He showed 
also that the deficiency could be remedied by the implantation of 
pituitary glands. Most of the conditions therefore seemed to be fulfilled 
for the accurate diagnosis and treatment of the disease in man. 

In spite of all this the diagnosis during life remains completely 
uncertain. The reason is that most if not all the symptoms which are 
listed as characteristic of Simmonds’ disease can be produced by simple 
inanition. This statement is based on studies reported in the literature 
and on the study of patients to be reported on here. The emaciation, 


appearance of.age, gonadal atrophy, dental caries, splanchnomicria and 
depression of the basal metabolism may all be interpreted as the result 
of starvation. In 1874 Sir William Gull? observed in young persons 


From the New York Hospital, the Department of Medicine, Cornell University 
Medical College, and the Russell Sage Institute of Pathology. 

1. Simmonds, M.: Deutsche med. Wchnschr. 1:322, 1914; Virchows Arch. f. 
path. Anat. 217:226, 1914. 

2. Simmonds, M.: Deutsche med. Wehnschr. 42:190, 1916; 44:852, 1918. 

3. Silver, S.: Simmonds’ Disease (Cachexia Hypophyseopriva): Report of 
a Case with Postmortem Observations and a Review of the Literature, Arch. Int. 
Med. 51:175 (Feb.) 1933. 

4. Howard, C. P., and Rhea, L. F.: Internat. Clin. 1:1, 1936. 

5. Regester, R. P., and Cuttle, T. D.: Endocrinology 21:558, 1937. 

6. Smith, P. E.: Am. J. Anat. 45:205, 1930. 

7. Gull, W. W.: Tr. Clin. Soc. London 7:22, 1874. 
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symptoms which were the same as most of those now listed under the 
heading Simmonds’ disease—the emaciation, the scaphoid abdomen, the 
amenorrhea and the appearance of age. The depression of the basal 


metabolism is clearly evident in his observation of the slow pulse and 
subnormal temperature, and he even recommended the use of external 
heat in the treatment. He made shrewd observations as to the psychic 
behavior of the patients. In particular he noted their sense of well-being 
and their excessive activity, in spite of extreme emaciation. He pointed 
out that this degree of activity would be impossible if the inanition were 
due to constitutional disease. After discussing hysteria he chose the 
term anorexia nervosa as a name for the disease. As he pointed out, 
all the symptoms could be explained as the result of inanition, which 
in turn was due to a “morbid mental state.’’ Nearly all the patients got 
well with a combination of medication, nursing care and special diet ; this 
was at a time when the function of the pituitary body was unknown and 
replacement therapy was quite beyond the reach of the imagination. 

In 1873 Laségue * published a detailed description of the development 
of the disease and displayed an understanding of the problem that was 
at least a generation ahead of that of his contemporaries. 

Since the time of Gull many arti@les have appeared on anorexia 
nervosa, a recent contribution being the exhaustive paper by Ryle® 
(1936), who has observed 51 patients with this disorder. These articles 
constitute a stream of thought which until recently has run a separate 
course from the work on Simmonds’ disease without any clear state- 
ment of the need of applying both concepts to the differential diagnosis 
in an individual case. It is only recently that the relation has been dis- 
cussed at all and then only from the point of view of one disease or 
the other. In spite of all the knowledge which has accumulated since 
the time of Gull and in spite of the development of psychiatry, the 
problem presented by the patient is much the same as it was in 1874. 


METHODS 


The tests were performed in the department of laboratories of the New York 
Hospital and in the Russell Sage Institute of Pathology. The metabolism was 
studied with the Benedict-Roth apparatus, the standards of Aub and Du Bois being 
used. The sugar content of the blood was determined by the latest method of 
Benedict, which does not include the nonfermentable substances and therefore gives 
readings below those reported by Folin and Wu. The vaginal smears were pre- 
pared in the laboratory of Dr. George N. Papanicolaou 1° (1936) of the department 
of anatomy of the Cornell University Medical College and interpreted by him. The 
preparation used in the treatment was an extract of the anterior lobe of the 
hypophysis containing 10 rat units per cubic centimeter and similar amounts of 


8. Laségue, C.: M. Times & Gaz. 2:265, 1873. 
9. Ryle, J. A.: Lancet 2:893, 1936. 
10. Papanicolaou, G. N., and Shorr, E.: Am. J. Obst. & Gynec. 31:806, 1936. 
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the gonadotropic and of the thyrotropic factors. The maximum dose was 50 rat 
units administered intramuscularly daily. This material was furnished by E. R. 
Squibb & Sons. 


REPORT OF CASES 
In general, the urine was normal in all cases except for minor 
abnormalities in case 4. The hemoglobin value, erythrocyte count, leuko- 


cyte count and differential count showed nothing abnormal except for 


a moderate decrease in polymorphonuclear cells in case 3. Roentgeno- 
grams of the chest revealed no lesion in any case (in case 4 roentgeno- 
grams were not made). Roentgenograms of the gastrointestinal tract 
in cases 1 to 5 were normal. The Kline test gave a negative reaction in 
each case. 


Case 1.—A married woman aged 26 was admitted to the medical ward on June 
8, 1933. The menses began at 11 years. There was a regular cycle of twenty-eight 
days, with a scanty flow lasting for two or three days. Since 1924, after the hazing 
incident to be referred to presently, menstruation had been irregular and painful, 
and the flow had diminished. In the spring of 1931, after appendectomy was done 
and one ovary was removed, the menses ceased altogether. She did not diet, but 
beginning in 1929, before her marriage in 1930, she became nervous, lost her 
appetite and grew thin. For the past two years she had lost weight and had 
reached the stage of emaciation. 

A psychiatrist said of her in 1933: “While she is neurotic, in the sense of being 
intense, it does not appear that this is at the present time a leading feature.” 

Physical examination revealed no abnormality except extreme -emaciation. The 
temperature was 36 to 37 C., the weight was 35 Kg. (77 pounds), the height was 
168 cm. (66 inches) and the pulse rate averaged 70. The blood pressure was 98 
systolic and 68 diastolic. The blood sugar values were as follows: during fasting, 
67 mg.; a half hour after dextrose was given, 165 mg.; at one hour, 200 mg., 
and at two hours, 143 mg. per hundred cubic centimeters. The basal metabolic 
rate was —15 per cent. Assay of the urine collected in twenty-four hours 
showed no estrogen. The vaginal smear made on June 26 showed characteristics 
of the atrophic postmenopausal type (fig. 1). 

On June 12 I made the following note: “The emaciation and glandular dis- 
turbances suggest a possible deficiency of the anterior lobe . . . There are indi- 
cations in the history of a psychoneurotic disturbance.” 

She was discharged from the hospital on July 25, the diagnosis being mal- 
nutrition and amenorrhea due to debility. Her progress is shown in the 
accompanying chart (fig. 2). While in the hospital, beginning June 8, she received 
5 units of insulin three times daily before each meal. This gave her a voracious 
appetite. She also received injections of 10 rat units of an anterior pituitary extract 
containing the growth hormone daily, beginning June 24, for a long period. No 
vitamin supplement was ordered at any time. Coincident with the treatment she 
gained rapidly in weight, weighing 35 Kg. at the start in June and 48 Kg. in 
November, an increase of 13 Kg. (29 pounds). The vaginal smears showed a 
change from the atrophic to the normal adult appearance, attaining the latter in 
October (fig. 1). In November regular menstruation was resumed for the first 
time in ten years. After a lapse of treatment during March, April and May 
the dose of the anterior pituitary extract was increased to 20 and 30 rat units daily, 
without any notable increase in weight beyond the level already attained. About 





ARCHIVES OF INTERNAL MEDICINE 


Fig. 1 (case 1).—Anorexia nervosa. A, the atrophic or menopausal type of 
smear obtained on June 26, 1933, at the height of the illness, showing a low level 
of ovarian function. Note the small cells which come from the deeper layers and 
also the great numbers of leukocytes. B, normal type of smear, obtained on 
October 20. Note the large cells and the relative scarcity of leukocytes. Dr. 
George N. Papanicolaou gave permission for the use of these photomicrographs. 
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this time her mother was taken to an institution for patients with mental disease. 
In August 1934 the patient’s menstrual periods ceased. On June 3, 1935, she gave 
birth to a healthy girl, who weighed 6 pounds and 11% ounces (3,050 Gm.). In 
August the menses returned but were frequent and profuse. They became regular 
again in November, and the flow gradually decreased. The curve of the blood 
sugar tolerance returned to normal, the figures on March 17, 1937, being as 
follows: during fasting 81 mg.; one-half hour after dextrose was given, 136 mg.; 
at one hour, 133 mg.; at two hours, 83 mg., and at three hours, 60 mg. per 
hundred cubic centimeters. 

It was not until March 1937 that the whole picture of her illness was put 
together. As a young child she was not strong. Enuresis occurred until the age 
of 8, also nocturnal episodes in which she would awake to find herself lying under 
the bed. She was afraid of the dark. She and her mother “got on poorly.” In 
school she was bashful and panicky when she had to recite. She was sensitive to 
slights. In 1924, at the age of 17, when a freshman in college, she was “hazed” 
and was awakened from a sound sleep by being dropped in cold water. She 
became nervous and found it hard to make minor decisions. She awoke at night, 
afraid that she was dying, but was unable to call out; then she would go to her 
mother for help. She began having dysmenorrhea and irregular periods. 

She did not lose weight until the autumn of 1929, before her approaching 
marriage. Her mother refused to allow the fiancé to come to the house. Her 
father approved of the marriage and arranged for it against the opposition of 
the mother. The patient became too nervous to eat and lost weight. After an 
operation in 1931 at which the appendix and one ovary were removed, she and 
her husband went to live with her mother. Once more they felt her antagonism. 
The situation was very difficult, and they moved later to a small apartment of 
their own. 

Since 1932 the patient had been “terribly upset” by her mother’s illness. The 
latter “went to pieces” in 1935 and had been confined in a hospital for patients 
with mental disease, where she died on June 11, 1937. The patient went through 
the stress at this time without any loss of weight, although she remained thin. 
Looking back on her mother’s illness, she said she could trace its development, and 
she gained perspective on her mother’s behavior in the past. 

In March 1937 the injections of anterior pituitary extract were discontinued. 
On June 11 she stated that she had not felt better for fifteen years; she had been 
taking care of her child, who had been sick, and her husband, who was recovering 
from influenza, and felt well. On July 22 she weighed 45.6 Kg. (100 pounds). 
She had received no injections. She continued to menstruate regularly every 
twenty-six days for four or five days. The flow was “not so intense,” i. e., more 
normal. 


Comment.—This case fulfilled all the criteria of Simmonds’ disease. 
The graph (fig. 2) of the patient’s increase in weight and the onset 


of menstruation looks convincing as to the effect of pituitary extract, 


and the chief difficulty in interpretation appears to be the use of insulin 
during the first three weeks. The pregnancy and the birth of a normal 
child fulfil all the requirements for a return to endocrine balance. The 
psychiatrist did not consider in 1933 that her neurosis was a leading 
feature. Yet a review of her case in May 1937 led to the conclusion 
that the endocrine disturbance had nothing to do with her illness, at 
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least as a primary factor. The loss of appetite and weight and the 


subsequent train of symptoms are to be interpreted as a neurotic reaction 
to an extremely difficult family situation. 

CasE 2.—A married woman, born in May 1898, was admitted to the medical 
ward on Feb. 20, 1933. The menses did not begin until she was almost 19 years 
old. They occurred every four or five weeks and lasted three or four days, and 
the flow was sparing. Often they ceased for three or four months at a time 
until her marriage. She gained in weight, and secondary sexual characteristics 
appeared at the age of 16 or 17 years. She was married in 1921, at the age of 
23, and gave birth to children in 1923, 1926 and 1929. All three children were 
living and well. She was small at birth and had always been thin. She began to 
have headaches at the age of 23 and continued to have them except for interruptions 
in the two succeeding pregnancies. She had no postpartum infection and nursed 
her children six months. Since February 1931 there had been an extreme reduction 
in weight, from 124 to 68 pounds (56 to 31 Kg.), although her husband stated 
that she ate enough for three people. She noted frequent micturition, a falling 
out of the hair, the appearance of hair on the lips, chin, arms, lower part of the 
legs and forehead and spacing and punctate decay of the teeth. Formerly she 
had received satisfaction from marital relations, but there had been loss of libido 
and sterility for the preceding two years. 

In October 1924 she first received injections, and she continued to have medical 
attention at frequent intervals, her condition usually being diagnosed as Simmonds’ 
disease. At the New York Neurological Institute in 1933 she had an examination, 
and the spinal fluid was found normal. <A diagnosis of a “psychoneurotic type of 
conversion hysteria” was made. 

After a psychiatric consultation on March 3, 1933, Dr. Kirby wrote: “The 
patient has a personality disorder, the neurotic constitution being conditioned 
mainly by unfavorable parental and home influences (a domineering and sup- 
pressing mother). She has marked emotional instability and feelings of inferiority, 
with compensatory assertions and exaggerations and strong cravings for attention 
and praise. After the death of her mother (about 1920) there was an accentuation 
of the personality defects, and she reacted to illness and pain in a highly neurotic 
manner. Pituitary disease and a sacroiliac disorder now furnish avenues for 
marked neurotic display—magnification of symptoms (especially pains) and domi- 
nation of family (husband) through invalidism and suffering.” 

Physical examination was made on Feb. 20, 1933. The patient appeared 
prematurely aged. She had a soft, thin skin, and the teeth were spaced and 
showed punctate atrophy. There was a high degree of general emaciation. The 
heart was small. There was hypertrichosis of the upper lip, chin, forearms and 
lower part of the legs. She weighed 37.8 Kg. (83 pounds) and was 159.5 cm. 
(63 inches) tall. The temperature was 36.2 to 37.2 C. (97 to 99 F.), and the 
pulse rate averaged 100. The blood pressure was 98 systolic and 70 diastolic. 
The basal metabolic rate was —4 per cent on March 2, 1933, and —13 per cent 
on Jan. 23, 1935. The lumbar portion of the spine showed a curvature. The 
vaginal smears made on April 21, 1933, were of an early postmenopausal type but 
without extreme atrophy. On Feb. 26, 1933, I made a note that this was a clear 
case of Simmonds’ disease. 

A high vitamin diet and injections of anterior pituitary extract were ordered; 
her subjective symptoms improved, but she did not gain in weight. She was dis- 
charged on May 8, 1933, the diagnosis being psychoneurosis. On September 29, 
largely at the insistence of the patient, the injections were renewed, 10 rat units 
being given three times a week at first and then more frequently until daily injec- 
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tions were being given by October 23. She made a rapid gain in weight, which 
did not reach its peak, however, until long after the treatment was discontinued 
(November 21). Discontinuance was carried out at first by substitution of saline 
solution for the active material in the original bottles until Feb. 13, 1934. On 
March 13 she weighed 47.8 Kg., showing an increase of 10 Kg. (22 pounds) since 
admission to the hospital. The injections were then discontinued altogether, and 
a precipitous loss of weight followed. Meanwhile she had three menstrual periods, 
beginning on January 2, February 8 and March 15, respectively. On March 15 
the vaginal smear showed menstrual bleeding. Neither the weight nor the men- 
struation became normal thereafter, in spite of the use of anterior pituitary extract, 
from April to October 1934, up to five times the original dose. Other endocrine 
products, such as estradiol and estrone up to 1,000 rat units daily alone or in combi- 
nation with gonadotropic substance from the urine of pregnant women up to 200 rat 
units, had no effect, apart from their subjective benefit. In October 1937 she weighed 
36.2 Kg., which was less than she did on admission to the hospital. She had no 
further menstruation. At this time her husband described her violent outbursts 
of temper and her tendency to withdraw from social contacts. He also stated 
that at supper each day she would eat enough for two or three persons and then 
excuse herself, go to the bathroom and insist on privacy. He was certain that 
she vomited her meal at this time. Confirmatory evidence of this statement was 
the large intake of food before her first admission to the hospital, which contrasted 
with an ostensibly normal intake when she was in the ward under observation. 
Her fear of gaining weight was shown by her incessant and unnecessary activity, 
such as attention to summer clothes in the middle of winter. The use of her 
symptoms as a defense reaction came out clearly in her statement that if it had 
not been for her health she would have been ‘ 
mother.” The vomiting, of course, made it unnecessary to postulate Simmonds’ 
disease as a cause of her illness. 


‘something besides a successful 


Comment.—A married woman of 35 years was admitted to the 
hospital in February 1933. She had evidence of antecedent ovarian 
insufficiency in the form of late, scanty and infrequent menstruation, 
but her sexual development was normal and she gave birth to three 
children. She was known to have a neurosis of long standing, based on 
parental influences, which led her to dominate her own family. She had 
all the clinical evidences of Simmonds’ disease. Striking improvement 


and three normal menstrual periods followed the use of glandular injec- 
tions, but the peak in weight came only after a long latent period and 
continued when a placebo was substituted. When the latter was also 


withdrawn, there was a precipitous loss of weight, and the menses again 
ceased. There was no further improvement when the dose was increased. 
The menses never returned, and she lost weight gradually, in spite of 
further replacement therapy, until October 1937, when she weighed 
less than on entry, 36.2 Kg. as compared with 37.7 Kg. It was thought 
that she had organic insufficiency of the anterior lobe of the pituitary 
and that her neurosis improved as the result of the improvement in 
her physical condition. Subsequent events, particularly the discovery that 
she induced vomiting in order to keep down her weight, made the 
diagnosis of Simmonds’ disease superfluous. 
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Case 3.—A girl was admitted to the medical ward on June 1, 1934, at the age 
of 16 years and 7 months. She was admitted at the request of Dr. Arthur Heyl, 
of New Rochelle, N. Y., excerpts from whose letter will be given presently. As 
a child she was chubby and at puberty short and overweight. She was strong 
and athletic during childhood. In the spring of 1930 she weighed 159 pounds 
(72 Kg.). In August of that year the menses began, at the age of 1234 years. 
The cycle lasted for twenty-eight days and the flow for three or four days. This 
continued for nine months, until May 1931, when menstruation ceased, although 
she had not yet dieted and still had normal nutrition, as shown by a weight of 
140 to 145 pounds (63.5 to 66 Kg.). In August 1931 she began to think of dieting. 
In December of the same year, at the age of 15 years, she fell from a horse and 
was unconscious or semiconscious for several hours. Roentgenograms of the 
skull, made at the New Rochelle Hospital, showed no fracture. In February 1932 
she began to diet strenuously. In April she weighed 128 pounds (68 Kg.). In the 
summer she restricted her diet still more. In August 1932 she had a “menstrual 
show” for less than a day. In 1933 she continued to lose weight rapidly, weighing 
88 pounds (40 Kg.) in January 1934. In June 1933 she received a prescription 
for estrogen and also for thyroid, the dose being unknown. In December 1933 
she was observed at the New Rochelle Hospital. Roentgenograms of the chest 
and of the adrenal glands were normal; the tuberculin test gave a negative 
reaction. She was given a high caloric diet, also estrogen (estradiol), gonadotropic 
substance from the urine of pregnant women (antuitrin-S), bemax (yeast), haliver 
oil with dicalcium phosphate, a high intake of salt and an extract of adrenal 
cortex (eschatin). Thyroid, 6 grains (0.39 Gm.) a day, only made her nervous. 
In January 1934 her basal metabolic rate was —34 per cent. In February 
1934 she weighed 66 pounds (30 Kg.). She was given insulin for two days, 
after which she became apprehensive, was alternately hot and cold, perspired 
profusely and was said to have fainted. She had screaming tantrums. She was 
given dextrose by rectum, as she refused to take it by mouth. On February 
23 she was taken to the New Rochelle Hospital, after having been hysterical all 
night. There she was given 8 ounces (240 cc.) of milk by forced feeding, and 
severe epigastric pain developed. At this time roentgenograms showed that her 
gastric and intestinal function was normal. She was “blind” for three days. In 
March 1934 the dextrose tolerance test gave normal results, 100 Gm. of dextrose 
being used. The spinal fluid was normal. The same month she received 10,000 
rat units of estradiol (dihydroxyestrin) for six days and on April 1, 1 or 2 cc. 
of gonadotropic substance from the urine of pregnant women together with an 
estrogenic substance (estrone) two or three times a week. In May 1934 she 
was receiving an extract of adrenal cortex (eschatin), apparently in too small a 
dose, and had symptoms like those of an adrenal crisis—extreme nervousness, 
lassitude, complete failure of the appetite, dehydration to the point of acidosis, 
sharp aching in the epigastrium and almost complete anuria for twenty-four hours. 
With the injection of 2.5 cc. of the extract of adrenal cortex she felt much 
better and had a good night’s sleep. The injections were continued. 

As a child she was strong and outplayed her brother in athletics. She seemed 
to desire to excel in order to win a place in the family circle, since the oldest 
child was the only son and the youngest a “baby” girl. She was the “odd middle” 
child. She had a strong attachment for her mother and a “complex” against her 
father. As a child she was shy and moody with boys. She was a tomboy, 
boisterous and impulsive. She associated especially with one boy, with whom she 
played baseball, swam and generally “knocked about.” She was “crazy mad” 
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about horses and liked “peppy” horses. She started dieting because she abhorred 
fat people and believed that no boy cares for a fat girl. She became intensely 
interested in diet kitchens and calories and developed a routine and ritual of eating. 
She began to smoke, swear and paint her lips and nails heavily, in general, adopting 
a “tough” attitude. At times she was hysterical. She withdrew from social 
contacts. She gave up meat early and acquired a strong sense of disgust for foods 
which she did not like. An item in the medical history was the development of a 
stomachache when food was forced on her. In the New York Hospital she was 
given one meal by tube at first, and three tube feedings were ordered. On the 


| 
| 
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Fig. 3 (case 3).—Anorexia nervosa. Photograph (June 1934) showing the 
extremely advanced emaciation in the absence of morphologic changes in the 
pituitary body (see fig. 4). 


night before the latter order was put into effect she attempted suicide by scratching 
her wrist, first with a nail file and later with a piece of broken glass. The next 
morning she said that she had been cheating all along, that she had been disposing 
of the food and fluid without ingesting it and that she had been doing this at 
home also. The impression of the psychiatrist at this time was expressed as 
follows: “She is reacting in her immature, determined, childish way situationally, 
and it cannot be said that she is essentially depressed.” 

Opinion as to her status and its relation to the development of her symptoms 
was in doubt both when she was at home and after she came to the hospital. When 
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she was admitted to the New York Hospital I concurred in the opinion that the 
psychic disturbance was secondary to pituitary insufficiency. The question was 
settled only by autopsy. 

On entry, on June 1, 1934, she complained of abdominal pain, and the nurse 
noted that the pain occurred after meals. Physical examination showed nothing 
except emaciation (fig. 3). The temperature was 36.4 C (97.5 F.), the height was 
161 cm. (5 feet and 3% inches), the weight was 28.8 Kg. (63.5 pounds) and the 
blood pressure was 72 systolic and 54 diastolic. The blood sugar value was 103 mg. 
per hundred cubic centimeters, and the basal metabolic rate was — 40 per cent. 

In the hospital there was no improvement in weight. She received 1 cc. daily 
of the extract of adrenal cortex and sodium chloride by mouth up to 6 Gm. On 
June 11 she was given an anterior pituitary extract containing the growth hormone 
(Squibb), 5 rat units daily, increased on June 12 to 10 rat units, on June 13 to 
20 rat units and on July 9 to 40 rat units daily. She was given 4 cc. of extract 
of vitamin B (Parke, Davis & Co.) daily until June 19. Beginning June 28 she 
was given 4 cc. of concentrated rice polishings daily, and beginning July 8, 4 cc. of 
syrup of hydriodic acid daily. On June 22 she had symptoms of pyelonephritis 
and died on July 14, twelve hours after a transfusion of 100 cc. of citrated blood. 

Autopsy was performed six hours after death by Dr. Mitelfart. The uterus 
was somewhat small. The cervix was patent. The fimbriated ends of the tubes 
were open. The ovaries were somewhat smaller than usual. Their surface was 
white and slightly wrinkled, and on section numerous partially developed follicles 
were seen in both ovaries. The vagina was in no way unusual. Rugae were 
present, and the mucosa was not atrophic. 

The ovaries (examined by Dr. Papanicolaou) appeared undeveloped. There 
was much fibrous tissue. Only one medium-sized follicle was seen; this was not 
close to the ovulation point. The epithelium was intact. Several primary oocytes 
were seen. 

The thyroid gland was normal. 

The pituitary body (examined by Dr. R. A. Moore) was normal (fig. 4) except 
that the acidophils were small and poorly granulated. The basophils were present 
in the usual number and appeared normal. 

No definite thymic tissue was seen. 

Anatomic Diagnosis—The diagnosis was extreme malnutrition, bilateral pyelo- 
nephritis, cystitis, thrombosis of the left internal and common iliac veins, thrombosis 
of the cavernous sinuses, infarcts of the lungs, dilatation of the right ventricle, 
passive congestion of the liver, ascites, bilateral hydrothorax, edema of the lower 
extremities and purpura. Note was also made of slight lipoidosis of the aorta 
and a healed appendectomy wound. 


Comment.—A girl of 16 years was brought to the hospital in an 
advanced state of emaciation (fig. 3). There was some indication of 
preceding ovarian insufficiency (amenorrhea) which preceded the loss 
of weight. The psychiatric history was incomplete, and the psychiatric 
opinion, expressed when she was in the hospital and elsewhere, was that 
a primary psychic disturbance was not the cause of the loss of weight. 
She had, in an exaggerated form, the symptoms often attributed to 
Simmonds’ disease, and the diagnosis seemed clear, even to the point of 
the adrenal crises, which could be interpreted as the result of secondary 
adrenal insufficiency. At autopsy no lesions of the endocrine glands 
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could be detected (fig. 4). This case is cited at length because the 
diagnosis of Simmonds’ disease, which seemed obvious, was disproved 


at autopsy. 





Fig. 4 (case 3).—Anorexia nervosa. A section from the anterior lobe of the 
pituitary body stained with Mallory’s aniline blue and orange G stain; X 175. 


Case 4.—A girl aged 17 was admitted to the clinic on Oct. 24, 1935. The 
menses began at the age of 13 years, with cycles of one month and a flow of 
three days. At about 12 years she had an earache and was told that she had 
“mastoid trouble” but that an operation was not necessary. The discharge from 
the ear continued for two weeks. She said that since then whenever she had 
a cold the first place affected was the ears. She had lost her appetite, and during 
the preceding year her weight had decreased from 145 to 120 pounds (66 to 54.5 
Kg.). In November 1934, a year previous, the menstrual flow became scant, 
and in January 1935 it ceased altogether. 
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In a psychiatric interview it became evident that the cause of her symptoms was 
her drunken, abusive and violent father, who had been associating with other 
women in a manner which brought embarrassment to the family. 

Physical examination was made on October 24. She was tall and rather thin. 
The roentgenographic appearance was typical of pansinusitis on the left. The 
vaginal smears made on October 24 were of the atrophic type. The temperature 
was 36 C. (96.8 F.), the pulse rate 68, the height 168 cm. (5 feet and 6 inches), 
the weight 54.5 Kg. (120 pounds) and the blood pressure 108 systolic and 82 
diastolic. The urine contained a small and variable quantity of albumin, a few 
white blood cells and on one occasion many red blood cells. The basal metabolic 
rate varied from — 25 to — 30 per cent. The vaginal smears were of an atrophic 
type, indicating a low level of ovarian function but with evidence of a follicular 
reaction later, on Feb. 3, 1936, after she had received thyroid. Beginning Jan. 4, 
1936, she was given 0.03 Gm. (0.5 grain) of thyroid daily for a week, followed 
by 0.06 Gm. daily for three weeks. This was continued, with an increase to 0.12 
Gm. daily on January 18 and to 0.18 Gm. on February 15. Her weight fell from 
54.5 Kg. (120 pounds) on entry in October to 43.7 Kg. (96 pounds) on February 
29. The use of thyroid was discontinued on this date. While receiving it she lost 
8.4 Kg. She was then given 10 rat units a day of anterior pituitary extract con- 
taining the growth hormone, receiving in all sixteen injections up to July 30. The 
vaginal smears were still of the atrophic type on July 23. By this time she had 
gained, weighing 46.5 Kg. (102 pounds) but was still 8 Kg. below her initial weight. 
She then stopped coming to the clinic and received no further treatment of any sort. 
Six months later, on Jan. 12, 1937, she returned to the clinic and was found to have 
regained the 8 Kg. which she had lost since entry. She was feeling well and was 
eating and sleeping well. 

On Sept. 7, 1937, her weight was 62.6 Kg. She said that the menses had never 
returned. 


Comment.—This girl reacted in a neurotic manner by loss of appe- 
tite and weight to an overt family situation, namely, drunkenness of 
the father. Her loss of weight became precipitous and alarming on 
the administration of thyroid. Anterior pituitary extract in small doses 
had no demonstrable effect. She left the clinic, discontinued treatment 
and regained her original weight and health. 


CAsE 5.—The patient was admitted to the medical ward on March 2, 1936, at 
the age of 32 years. The menses began at the age of 16 years and were always 
irregular, occurring two to four times a year, lasting two to five days, with 
moderate to scanty flow. From the age of 5 to 8 years she had “running ears” 
every winter, with discharge and pain. At 14 she had chorea for five months. 
After this she gained weight rapidly. At 21 years she had an appendectomy 
for recurrent appendicitis. She weighed 8 pounds (3.6 Kg.) at birth and was 
fat until the age of 7. From 7 to 14 she was as thin as on entry, and from 14 to 28 
she was “pretty stout.” At puberty, about 1920, she weighed 140 pounds (63.5 Kg.) ; 
in 1926, 160 pounds (73 Kg.) ; in 1933, 118 pounds (53.6 Kg.), and in April 1935, 
80 pounds (36.4 Kg.). 

In 1929, after she had been teaching school, work which she found difficult 
and uninteresting, she had anorexia. In 1933 she worked as a taster in a bakery 
and lost her appetite altogether, and her weight dropped to 118 pounds (54 Kg.). 
She noted a gradual swelling of the body, including the face, and progressive loss 
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of strength. She took cathartics to the point of passing eight stools a day and 
had not had a formed movement in years. The basal metabolic rate at this time 
was —25 per cent. In April 1935 she showed progressive weakness, less edema 
and a loss of 15 pounds (6.8 Kg.) more in weight. She then weighed 90 pounds 
(41 Kg.). At this time she first complained of gaseous distention. In the summer 
she had a craving for fluids, gradual failing of strength, and weakness and 
dizziness relieved by walking. With a restricted diet the distention disappeared, 
but the edema continued. From December 1935 to February 1936 she again lost 
weight and strength, had cramps in the feet and began to have insomnia. She 


Fig. 5 (case 5).—Anorexia nervosa. Left picture shows emaciation on March 
6, 1936; right, a return to a normal state of nutrition on April 4. The treatment 
consisted solely of the giving of a high caloric diet, yeast and tomato juice. 


had spells of weakness lasting three days at a time, about once every three weeks. 
She became restless, irritable and “low in her mind.” She said that she never 
perspired. 


At a psychiatric consultation it was found that the patient and her family 


concentrated on gastrointestinal functions. It appears that diet, constipation and 
laxatives had been one of the chief interests in the patient’s life since childhood. 
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Other indications of her physiologic and emotional immaturity were found in the 
menstrual irregularities, her lack of sexual desire and her lack of interest in men. 
Her state of malnutrition seemed to be largely the outcome of her habits of living, a 
especially in regard to diet and laxatives. She did not appear to be especially 
concerned about her condition and needed supervision for an indefinite period in 
regard to her general hygiene. 

Physical examination, on March 2, 1936, showed emaciation (fig. 5). The 
temperature was 35.4 C. (95.8 F.), the pulse rate 80, the height 170 cm. (5 feet 
and 7 inches), the weight 38.4 Kg. (84.5 pounds) and the blood pressure 100 4 
systolic and 60 diastolic. The basal metabolic rate was —20 per cent. A vaginal 
smear showed a large number of leukocytes. It was of the atrophic type. 
Trichomonas vaginalis was present. 

She was given no medical treatment except a high caloric diet, 4 Gm. of 4 
brewers’ yeast twice a day and 90 cc. of tomato juice twice a day. She was 3 
discharged after five days. On April 4 she returned to the outpatient department. 

Her weight was 55.3 Kg. (122 pounds), an increase of 17.3 Kg. in thirty-three D 
days. Obviously this increase was mostly due to fluid. The vaginal smear showed a 
fewer leukocytes and was of an atrophic menopausal type. On April 28 her 
weight was 58.6 Kg. (129 pounds), and the edema had continued. On May 26 
her weight was the same, 58.9 Kg., but she was no longer edematous. The vaginal 
smear continued to be of the atrophic type as at the last examination in June 1936. 
In September 1936 she wrote that she was in excellent condition and weighed 
132 pounds (60 Kg.). On March 13, 1937, she wrote that her weight was 130 
pounds (59 Kg.) but that she had not menstruated. She said that she felt 100 per 
cent better than a year before but still not right. She continued to have swelling 
and puffiness off and on and a variety of nervous and gastrointestinal symptoms. 
Her intake of cathartics was still excessive. 





Comment.—This patient had loss of appetite, extreme restriction 
of the intake of food, to the point of a protein deficit, and amenorrhea. 
Menstruation started late. She had no interest in the opposite sex, 
and examination showed defective development or atrophy of the genital 
tract. Further evidence of an ovarian disturbance was the extremely 
infrequent menstruation, even when she was in good health, and the 
failure to resume menstruation after the inanition was relieved. She 
shared with her family a definite neurosis, with preoccupation regarding 
the gastrointestinal tract. She regained her normal weight (fig. 5) and 
was able to resume active work, with no medication whatever. There 
was no treatment except a high caloric diet, vitamins and the injunction 
to eat. 


Case 6.—A single woman aged 27% years was admitted to the medical ward 
on Jan. 13, 1937. Her father had had gastric ulcer for many years and had a 
gastroenterostomy at the age of 56 (in February 1936). The mother had a 4 
hemorrhage from a gastric ulcer at the age of 34 (in 1922) and died the following , 
day. The patient was an only child. The menses started at 13 years. The cycle 
was three weeks long, with a duration of flow of four or five days. The flow 
was “quite heavy” before amenorrhea set in at 24 years. Before dieting she 
weighed 128 pounds (59 Kg.). In January 1931 she began to diet, and at the 
end of a year and a half she had lost about 25 pounds (11 Kg.). After that she 
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stopped menstruating. When she reached her present weight she no longer tried 
to lose, and she had no desire to gain weight. In fact, she said that she had a 
“complex” against gaining, that her state of malnutrition was as much a part of 
her as her right arm. 

She was observed at the Presbyterian Hospital in New York from Oct. 18 to 
Nov. 9, 1933. Her weight was’75% pounds (34 Kg.). The diagnosis was mal- 
nutrition, with secondary atrophy of all sex characteristics. 

The following is an abstract of a psychiatric consultation held at the Payne- 
Whitney Psychiatric Clinic on March 19, 1937: The patient dated her determina- 
tion to lose weight back to a house party in January 1931, where she became 
interested in a medical student. At that time some one made a remark about 
her plumpness. She began to diet and reduced her weight from 128 to 110 pounds 
(58 to 50 Kg.) in six months. In the meantime she was carrying on a courtship, 
mainly by correspondence. After she lost more weight the parents of the medical 
student became alarmed and suggested that she might have tuberculosis, and the 
affair gradually faded out. At the same time she lost her job. The dieting 
then seemed to change its role, being associated with a feeling of guilt; she felt 
that she should spend as little as possible for her food, as she was not supporting 
herself. By the end of three years she weighed 75 pounds (34 Kg.). She became 
more constipated. Her friends noted that she lacked enthusiasm and zest and 
mingled less freely with people. She accepted dinner invitations but always 
appeared after the meal, with some flimsy excuse. Although she admitted carrying 
out a procedure (extreme dieting) that had attracted comment and caused concern, 
she also said, “I still feel that I look husky and stocky. My relatives, I know, 
are in despair over me . . . I went to the other extreme of being a 
beautiful martyr. Sometimes I feel as if I were doing it for spite.” The diag- 
nosis was psychoneurosis with depression and starvation. 

Physical examination on Jan. 13, 1937, revealed no abnormality except extreme 
emaciation; she appeared to be only skin and bones. The eyes had a staring 
expression, which gave her a hunted or trapped appearance. The temperature 
was 36 C. (96.8 F.), the pulse rate 76, the height 159 cm. (5 feet and 3 inches), 
the weight 30.4 Kg. (67 pounds) and the blood pressure 88 systolic and 52 
diastolic. On January 16 a dextrose tolerance test gave the following values for 
blood sugar: during fasting, 51 mg. per hundred cubic centimeters; one-half 
hour after dextrose was given, 59 mg.; at one hour, 57 mg.; at two hours, 48 mg., 
and at three hours, 27 mg. The basal metabolic rate was —27 per cent. The 
vaginal smears were typical of the atrophic postmenopausal state. A calorimetric 
observation confirmed the low metabolism and revealed a respiratory quotient of 
0.86, which was a little high as compared with the quotient for normal persons 
but within the normal range. The most interesting observation made while she 
was in a ward for metabolic study concerned her behavior. She was given a diet 
low in calories, but she resisted taking food by hiding it or vomited after eating. 
She conversed about poisons and their relative merits and asked as to the presence 
of poisons in the ward. This was taken as evidence of an interest in suicide. She 
was admitted to the Payne Whitney Psychiatric Clinic on February 2 with a 
weight of 29.9 Kg. For a long time both her physical and her mental condition 
remained stationary. It became evident that the emaciation was part of a highly 
organized neurosis which had its roots in her childhood. This served as a pro- 
tective mechanism against the adoption of an adult reaction to her development 
as a woman and her position in the economic and social life. Excerpts in support 
of these statements are as follows: “I was very close to my mother. I was the 
only child; as a child I was afraid that my father and mother would separate 
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I had feelings of inadequacy at an early age . . . I was a somber 
child. It really started when I was very young . . . I feel a little like David 
Copperfield, I am always going to do something wrong and get my hand slapped.” 
The mother and father quarreled continually over money. She said of her lack 
of confidence in herself that she grew up with it. “My mother was a wonderful 
person as a mother. She wanted me to be perfect. She disparaged what I did. 
I grew up with feelings about myself. I compared myself with other children. I 
wanted to be dignified and respected . . . I feel the old inhibitions are just 
the same . . . The less enjoyment I get, the happier I feel . . . Ten years 
ago streaks of depression were there. I went from high to low. I was always 
insecure.” She had periods of depression during her last year in college, felt 
inadequate socially and was unhappy among the group of girls that she met there. 
She said that she was afraid to face a career because she was afraid of failure. 
“T seemed to enjoy being a martyr. I don’t know how I could have punished 
myself more unless I had stuck thorns into myself. No one was going to hire me 
for a job looking as I did.” 

By May 7 she had gained 1.5 Kg. On June 17 she was given cod liver oil, 
1 tablet three times a day, increased to 2 tablets three times a day, until July 12. 
Tube feedings were suggested but were not given. About July 10 it was also 
suggested that her progress was so slow that she might have to leave the insti- 
tution. From July 11 to 23, inclusive, 2,000 rat units of estrogen (estradiol) was 
given daily intramuscularly. Vaginal smears showed a definite improvement, with 
a more normal appearance. On July 12 tablets containing vitamins A, B and D 
were given three times a day. The weight on July 31 was 32.9 Kg. On July 20 
use of yeast concentrate was started, and tube feedings were again discussed. She 
said that she would leave the clinic if they were started. From August 14 to 23 
injections of estradiol were given: 3,000 rat units, increased to 5,000 rat units, 
daily (a total of 40,000 rat units being given). This produced a definite follicular 
reaction, as noted in the vaginal smears. On August 30 the weight was 35.6 Kg. 
From August 29 to September 4 there was vaginal bleeding as a result of the 
injections but no menstruation. Blood sugar determinations were as follows: 
during fasting, 78 mg.; one-half hour after dextrose, 174 mg.; at one hour, 118 
mg.; at two hours, 94 mg., and at three hours, 115 mg. per hundred cubic centi- 
meters. From September 9 to 23, 4,000 rat units of estradiol was given daily. 


On October 7 she expressed herself as feeling better than at any other time in 
her life. The appearance of her face had changed so much that she could scarcely 
have been recognized from her photograph taken in January. The hunted 
expression was gone, and her face was placid. The pulse rate was 84, the blood 
pressure 86 systolic and 62 diastolic and the weight 38.2 Kg. (84 pounds). There 
was no evidence of spontaneous menstruation up to October 22. 


Comment.—This patient presented in detail the clinical picture of 
Simmonds’ disease, although there was nothing to support this diagnosis. 
On the other hand a psychiatric study revealed a profound neurosis 
with origin in childhood. Her behavior resembled closely that of one 
of the other patients (case 3), whose endocrine glands were normal at 
autopsy. She improved markedly, with a gain in weight of 8.6 Kg. (19 
pounds), after psychiatric treatment combined with the use of estrogen 
and a vitamin supplement. 
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COMMENT 

This work was undertaken as a clinical study of insufficiency of 
the anterior lobe of the hypophysis in adults with an attempt to demon- 
strate the effect of replacement therapy. With study of the first patient 
of the series it became evident that the distinction between Simmonds’ 
disease, or organic insufficiency of the pituitary gland, and anorexia 
nervosa is difficult to make. The first 3 patients were all thought at 
some time to have Simmonds’ disease. In the first case this was rendered 
improbable in the course of time by the unfolding of a history of a 
neurotic reaction to a difficult family situation. The second case became 
clarified when it was found that the patient induced vomiting to keep 
down her weight. The diagnosis in the third case (fig. 3) remained 
obscure until autopsy, when it was demonstrated that there was no lesion 
of the endocrine glands (fig. 4). Three other patients were included, 
although the predominant psychic factor was obvious, because the 
symptoms, physical signs and laboratory data were exact counterparts 
of the findings in Simmonds’ disease. Case 4 was also interesting in that 
thyroid had a dramatic and harmful effect, with the loss of 8.4 Kg., and 
spontaneous cure was obtained while the patient was absent from the 
clinic, without any medication whatever. The fifth patient returned 
to normal nutrition and physical health (fig. 5) on the simple admoni- 
tion to eat. The sixth patient was found by psychiatric observation to 
have a profound, highly organized neurosis with its origin in childhood. 
She presented a condition analogous to that of the third patient, in 
whom no lesion of the endocrine system could be found at autopsy. 
Two other patients have been observed more recently, but their data 
are not included in this paper. 

Thus, all our patients were found to have anorexia nervosa. In four 
years no instance of Simmonds’ disease was encountered, in spite of 
special interest in it. This is an indication of the rarity of the disease, 
which has already been shown by Silver * (1933), who was able to col- 
lect autopsy reports of only 41 cases which had been published over a 
period of nineteen years. Frazier ** (1929) has stated that it is rare 
even in cases of destructive lesions of the pituitary body. 

The comparison of the symptoms presented by our patients with 
those reported in cases of Simmonds’ disease in which the diagnosis 
was confirmed by autopsy shows a close similarity. Most of the features 
of the disease which bears Simmonds’ name were pointed out by him *: * 
(1914, 1916 and 1918). The clinical data tabulated by Silver * (1933) 
in a review of the proved cases are as follows: The great majority of 
the patients were women. Only 10 proved cases had been reported 
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in males. Of 41 patients, 7 were below the age of 30, 21 were above 
the age of 39 and 11 were between 30 and 39 years of age. The number 
of pregnancies was reported in 12 cases and averaged 5.7. Besides 
amenorrhea and cachexia, Silver listed asthenia, premature aging, genital 
atrophy, loss of libido, loss of pubic and axillary hair, atrophy of the 
jaw, loss of teeth, hypotension, hypothermia and eosinophilia. Patho- 
logic study showed that in 26 cases atrophy and fibrosis of the anterior 
lobe of the hypophysis were present. Tumors, cysts, tuberculosis, syphilis 
or trauma was the causative factor in the other cases. 

It is obvious, without further discussion, that many of these symp- 
toms can be caused by malnutrition. The emaciation produces a loss 
of body tissue and of secondary sexual characteristics which gives the 
appearance of age, and the wrinkled skin accentuates this. The trophic 
changes in the skin, hair and nails might be due to malnutrition or to 
vitamin deficiency. The depression of the basal metabolism is a well 
known factor of conservation, as has been pointed out by Lusk. The 
slow pulse rate and probably the low blood pressure are corollaries of 
this. Malnutrition was found in studies of famine by Cornish '? (1879) 
to cause “an impairment or abolition of the menstrual function.” 

Certain general features of our cases of anorexia nervosa may first 
be mentioned. The family history was of no interest except with respect 
to a psychosis in case 1 and marked neurotic traits in cases 2 and 5. 
The patients were all women, and the ages were 26, 35, 1614, 17, 32 
and 28 years, respectively. Two of the patients were married. The first 
patient had 3 children before her illness, and the second patient had a 
child after her recovery. Neither had any evidence of puerperal infection. 
The previous diseases were of no importance. One patient had mumps; 
another had otitis media and a third had both of these diseases. No evi- 
dence of chronic infection or neoplasm was found, although 5 of the 6 
patients were extensively studied in the hospital. The serologic reactions 
to tests for syphilis were negative in each case. Roentgenograms of the 
skull and sella turcica and examination of the fundi and optic fields failed 
to reveal an expanding lesion of the pituitary body in any instance. As 
outlined so far, the chief point of interest is the absence of repeated 
pregnancies and of puerperal infection or other diseases which are 
common in known cases of Simmonds’ disease. 

The weights, compared with the normal averages with respect to 
age and sex (tables of the Metropolitan Life Insurance Company), were 
63, 57, 53, 75, 59 and 58 per cent, respectively, of normal. The appear- 
ance of age depended much on the extent to which the emaciation affected 
the face. It was marked in cases 2, 3 and 6. Roentgenograms showed a 
small vertical heart in all cases except case 4. In cases 1, 3 and 5 the 
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patient was hyposthenic and in case 4 the opposite. Ptosis of the viscera 


and gastrointestinal tract was demonstrated in cases 1 and 5. A decrease 
in the size of the organs was noted on physical examination in case 2. 
This change has been given the name splanchnomicria but appears to 
have no necessary significance except as part of the emaciation. In case 2 
spacing and atrophy of the teeth as well as changes in the nails were 
noted. 

Amenorrhea was present in all instances. In some cases menstrual 
disturbance preceded the loss of weight, as noted in the case histories. 
In case 1 there was loss of libido from fatigue and in case 2 a definite 
loss. An increase in the amount of body hair was noted in these 2 
cases. Pelvic examinations gave evidence of small internal genitalia in all 
cases except case 1, in which the fundus was normal. Regarding case 2 
no information is available. Examination of the vaginal smears showed 
the type which is normally seen after the menopause (fig. 1). The 
only exception was in case 3, in which a normal smear was reported. 
In case 4 the smear was atrophic throughout except for a follicular 
reaction on one occasion after thyroid was given. 

The basal metabolism was low in all cases. The depression was not 
marked in case 1 (—15 per cent) or in case 2 (—8 to —17 per cent). 
The rates in the other cases were —40, —30, —20 and —30, respec- 
tively. The pulse rate was not especially slow except in cases 3 and 4, 
in which it averaged 65 and 68, respectively. The blood pressure was 
about 100 systolic, except in cases 3 and 6, in which it was conspicuously 
low —76 systolic and 50 diastolic, and 66 systolic and 32 diastolic. 
The cholesterol value was normal. Some of the patients had a variable 
amount of creatine in the urine. There was no eosinophilia in any case. 
The sugar tolerance test revealed a diabetic curve in case 1, a normal 
curve in cases 2 to 4 and a low flat curve in case 6. In cases 1 and 6 
the values reverted to normal after an improvement in health. Instances 
of a flat sugar curve which reverted to normal on recovery have been 
reported by Sheldon ** (1937). 

It will be seen that these cases of malnutrition of psychic origin 
are scarcely distinguishable from known cases of Simmonds’ disease. 
A similar statement has been made by Sheldon ** (1937). The complete 
picture of Simmonds’ disease was present in case 3, yet the absence of 
morphologic changes in the pituitary body was shown at autopsy (fig. 4). 
The situation is further complicated by the fact that total destruction 
of the anterior lobe has been reported at autopsy in patients who had no 
signs of pituitary insufficiency. Krumbhaar** (1921) reported such 
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cases and cited others. Kaminski*® (1933) reported a case. The diag- 
nosis can be made when there is evidence of an expanding lesion of the 
pituitary body, but this is uncommon (Silver,’ 1933). Apart from the 
erosion of the sella turcica or the symptoms of diabetes insipidus, 
the chief clue is age. The expanding lesions are those which are more 
common in middle age, and repeated pregnancies are obviously impossible 
early in life. A history of puerperal infection is etiologic evidence, 
according to Simmonds? (1914), but this has been contested by 
Kaminski * (1933). When the patient is a young single woman with 
no demonstrable lesions, the diagnosis is particularly insecure. In the 
words of Gull,*® young women “are especially obnoxious (susceptible) 
to mental perversity.” 

It is to be remembered, however, that repeated pregnancies are no 
guarantee against a psychic disturbance. For instance, Reye*’ (1926 
and 1928) reported on patients who had symptoms of depression 
after childbirth. In such cases the possibility that the symptoms develop 
as the result of the psychosis, without any necessary change in the 


pituitary body, is not excluded. 

If recovery takes place as the result of treatment with preparations 
of the anterior lobe, this is evidence of an insufficiency of the pituitary 
body. The use of the therapeutic test is implicit in much of the literature 
or definitely expressed, as by Reye *™ (1926), von Bergmann *§ (1934) 
and May and Robert ?® (1935). Reports have been made of a large 
number of cases in which a diagnosis of Simmonds’ disease, or hypo- 
physial cachexia, was made and in which recovery occurred. Cases 1 and 
2 of our series are closely analogous to these, apart from the diagnosis. 
In the literature the recoveries have often been attributed to the extracts 
which were used. There appears to be no justification for this. The 
effect of suggestion was not controlled, and the powerful psychic effect 
of a hospital regimen was not discussed. In many cases a variety of 
remedies was used besides the endocrine products. The effectiveness of 
whole gland by mouth has been reported by Reye*™* (1926), Steinitz 
(1932), Kaminski *® (1933) and others, although Smith *° (1927) 
could obtain no effect by having hypophysectomized rats ingest large 
quantities. Many endocrine products have been reported as successfully 
used, including insulin (May and Layani,?* 1929, and Zondek and 
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Koehler,** 1928) and extracts of the anterior lobe of the pituitary, the 


gonadotropic principle of the urine of pregnant women and estrogens. 


Kalk ** (1934) has also reported the successful use of adrenal cortical 
extract. The increase in weight is often slow during treatment and 
extraordinarily rapid after it is discontinued (May and Robert,’® 1935, 
and von Bergmann,’* 1934). According to several reports the patient 
continued in good health after the cessation of treatment (Calder,4 
1932; Hawkinson,?*> 1935; Huirthle,** 1932, and May and Robert,’ 
1935). This contrasts with the results of treatment, with other endocrine 
products which are known to be potent, for example insulin and thyroid. 
The suspicion is that when replacement therapy of short duration is 
followed by permanent cure, the same effect might have been achieved 
with tablets of lactose or with injections of saline solution. 

On the other hand, cases are reported in which the treatment had no 
effect. This was true of the patient reported on by Moehlig ** (1936), 
who received, in addition to insulin, extract of adrenal cortex (eschatin), 
and 100 rat units daily to a total of 1,800 rat units of gonadotropic 
substance from the urine of pregnant women. The patient reported on 
by Regester and Cuttle ° (1937) did not improve with the use of anterior 
pituitary extracts containing the growth hormone, 50 rat units every 
other day, increasing to a maximum of 250 rat units for seven injec- 
tions. These doses are several times as large as those which are reported 
elsewhere as successful. 

No therapeutic test is convincing unless the remedy is known to be 
efficient. So far no definite effect has been encountered in a proved 
case of Simmonds’ disease. A partial exception is the patient reported 
on by Shelton, Cavanaugh and Patek ** (1936), who gained 15 pounds 
(6.8 Kg.) in weight without a change in basal metabolism or blood 
pressure. The same statement applies to hypogonadal dwarfs of adult 
chronologic age. In these cases the diagnosis of pituitary insufficiency 
may be regarded as established, since two of the functions of the pituitary 
body were lacking. Even in such cases it may happen that no striking 
lesion of the anterior lobe can be demonstrated at autopsy (Struck and 
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Szurek,*® 1937). In this group the results reported by Turner * 
(1935) and Goldberg * (1936) are perhaps the most encouraging, but 
even with these the possibility of spontaneous development comes to 
mind. Otherwise, no instance has been encountered in the recent 
American literature (Engelbach,*? 1933 and 1934; Shelton, Cavanaugh 
and Evans,** 1934, and Schaefer,** 1936) of an unmistakable increase 
of height as the result of injections in the type of case mentioned. In 6 
adult dwarfs (unpublished data) I could demonstrate no effect either 
on height or on ovarian function as shown by vaginal smears. 

The explanation of this failure might lie in the fact that the disease 
is of many years’ duration as compared with that in experimental animals. 
In other words, irreversible changes might have taken place. It seems 
more probable, however, that the doses have been too small. The maxi- 
mum of 100 rat units used for our dwarfs may be compared with doses 
of other hormones; for instance, the average of 500 to 2,000 rat units 
daily of estrogen necessary to produce objective changes in women with 
ovarian insufficiency (Papanicolaou and Shorr,’® 1936). By analogy 
it may be reasoned that the unit for human beings is about 1,000 rat 
units, as compared to the maximum of 100 rat units used for our series 
of dwarfs and 50 for our patients with anorexia nervosa. In the cases 
reported in the literature in which health was restored the dose was 
usually 1 to 2 cc. of extract of the anterior lobe of the hypophysis, 
presumably 10 to 20 rat units. 

The therapeutic test as reported in the literature is unreliable for 
one or more of the reasons given; namely, (1) too many remedies were 
used simultaneously, (2) the factor of suggestion was not controlled, 
(3) the improvement was not parallel with the use of the medication, (4) 
the improvement persisted or even increased when the medication was 
discontinued and (5) the usual dose was altogether inadequate. 

Anorexia nervosa is diagnosed by the demonstration of the neurosis. 
This is difficult, even if the examiner is interested in the inquiry, which 
is not always the case. The demonstration is conclusive if the neurosis 
can be treated successfully by psychotherapy. This, of course, is the 
application of a therapeutic test. It is conclusive because psychotherapy 
can be given without medication, but it is impossible to give injections 
without psychotherapy. When improvement occurs as the result of 
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increasing the diet, whether by admonition or suggestion or by the 
injection of insulin, the probability is that the inanition is due to psychic 
influences rather than to pituitary insufficiency. 

In the diagnosis of Simmonds’ disease as reported in the literature 
the psychic symptoms have received little attention. Yet they are not 
infrequently mentioned, and this leads to the inference that in many 
cases they are the predominant cause of the illness. Silver (1933) 
stated that mental disturbances are marked and may become the dominant 
clinical feature. Lang *® (1924) described a patient with progressive 
changes in the direction of a Korsakoff syndrome with the clinical picture 
of Simmonds’ disease, but with a pituitary gland which was grossly and 
microscopically normal at autopsy. Reye ** (1926 and 1928) described 
mental deterioration in 4 patients, none of whom were cachectic or had 
objective evidence of pituitary lesions. Redlich *® (1927) gave a full 
description of the more profound disturbances occurring in hypophysial 
cachexia. Bickel ** (1934) described the psychoneurotic symptoms in 
the sort of case which is discussed by the English school under the term 
anorexia nervosa. Von Bergmann classified this disease under the 
designation Magersucht. He described in some detail the psychic 
disturbances encountered by him in young girls. Besides the unruliness 
of behavior, he mentioned persistence of infantile traits, as pointed out 
by Kalk, dependence on the mother and an interest in fairy tales. He 
related anecdotes in support of this statement. For instance, a men 
of 27 insisted that his mother should be present when he defecated. 
Von Bergmann also stressed the symptoms of obstipation and of pain 
in the epigastrium, which in the past often led to operation, always 
with normal findings. Roentgen examination in his cases revealed no 
abnormality. May and Robert ’® (1935) in a long article devoted a 
paragraph to psychic factors. Wahlberg ** (1936) stated that 1 of his 
patients was considered by Josefson to have psychogenic anorexia. 
Rothmann’s *® (1935) patient, formerly in good health, wanted to become 
as slim as possible. She reduced and was pleased at the loss of each 
kilogram. This reduction was carried on in an exaggerated way and 
resulted in an uncontrollable loss of weight, leading to cessation of the 
menses. She was cachectic when first seen. She had an aversion to all 
edible substances and had chronic constipation, for which she made 
extreme use of cathartics. This history will recall our cases 3 and 6 
—cases of anorexia nervosa. In a detailed article Regester and Cuttle ° 
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(1937) stated that a psychiatric study revealed nothing abnormal. Yet 
the patient first became nervous, acquired bad eating habits and then had 
a period of nausea and vomiting and severe abdominal pain. These 
symptoms became worse when her parents died, changing her economic 
status from one of comparative ease to almost poverty. Here was 
an overt situation which might well have intensified an emotional 
disturbance. 

The incidence of psychic disturbances in cases of true Simmonds’ 
disease, as distinguished from those in which the diagnosis cannot be 
verified, is hard to determine. Redlich *° (1927) reported the develop- 
ment of a psychosis in a patient who had an eroded sella turcica and 
pupillary changes but showed a negative reaction to the Wassermann 
test of the blood. Howard and Rhea * (1936) described the late develop- 
ment of psychotic symptoms in a patient with a suprasellar cyst. 
Farquharson and Graham *° (1931) reported 3 cases in which there was 
profound mental deterioration. 

These references suffice to show the need of a psychiatric investi- 
gation in the diagnosis of Simmonds’ disease. As indicated, the mere 
presence of a psychic disturbance is no proof that it is the dominating 
factor. In spite of the difficulties in interpretation, however, its occur- 
rence in an emaciated patient should cause a scrutiny of the diagnosis. 
On the other hand, a predominantly psychic disturbance is entirely 
compatible with some degree of insufficiency of the pituitary body. 
This might antedate the malnutrition or might occur as a result of it. 
Evidence of ovarian insufficiency which antedated the illness was 
present in 3 of our cases (cases 2, 3 and 5). In addition, in cases 4 
and 5 the patient failed to menstruate even after the nutrition and 
physical health had returned to normal. The ovarian disturbance might 
have originated in the ovaries or in the pituitary body. Sheldon ** 
(1937) studied 5 patients with anorexia nervosa, in 2 of whom he 
found clear evidence and in 2 more presumptive evidence of a pituitary 
defect. He cited the menstrual history as recorded in the literature 
and after an admirable discussion stated as his conclusion, in agree- 
ment with Ryle’s® (1936), that the “amenorrhea is an hysterical or 
functional symptom that develops independently of, or parallel to, the 
anorexia.” 

Von Bergmann ** (1934) also discussed this question, but from the 
standpoint of hypophysial cachexia, and reached the opposite conclusion, 
namely, that the psychic disturbances are conditioned by biologic events. 
This is also a tenable position, but it appears to be based mainly on 
the therapeutic test, which has just been criticized. 

Turning to the treatment of anorexia nervosa, we found in our 
series no evidence of any effect of extract of the anterior lobe of the 
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hypophysis by intramuscular injections in doses up to 50 rat units 
daily. The giving of larger doses was prohibited by the development 
of severe local reactions. Thyroid was given in 1 of our cases (case 4) 
and was associated with an alarming loss of weight. Patients who 
received the extract elsewhere experienced no effect other than toxic 
symptoms (cases 3 and 5). In cases in which a diagnosis of Simmonds’ 
disease was made Wahlberg *' (1935 and 1936) claimed excellent 
effects, but Farquharson and Graham *® (1931), Calder ** (1932), 
Riecker and Curtis ** (1932), Hawkinson *® (1935) and Rose and 
Weinstein ** (1936) were unable to produce any benefit. 

Insulin was given to only the first patient. It gave her a voracious 
appetite which apparently initiated her recovery. The third patient 
received it elsewhere, without effect except for attacks which might be 
interpreted as due to hysteria or hypoglycemia. Many patients have a 
flat blood sugar curve at a low level, as did our sixth patient and 
another not here reported on. Sheldon ** (1937) reported 2 such cases. 
The patients would obviously be susceptible to insulin shock, as in 
so-called Simmonds’ disease (Herman,** 1928, and Lucke,*® 1932). 

None of our patients had clinical evidences of vitamin insufficiency. 
This is surprising in view of the extreme state of caloric undernutrition. 
Five of the 6 received vitamin supplement in some form in addition to 
the vitamin content of the diet. In case 6 the patient received supple- 
ment for vitamin A, B complex, C and D. No inferences could be 
drawn as to the effect of this treatment beyond the statement that the 
first patient, who received no supplement, made the most dramatic and 
complete recovery. No report of this treatment by itself has been 
encountered in the literature. 

The psychologic aspects of the treatment have been described by 
Langdon Brown ** (1931) and others of the English school of “indi- 
vidual psychologists.” An attempt to review the psychiatric literature 
would be out of place here. One question, however, has forced itself 
on our attention in 2 of our cases, namely, the extent to which the 
intake of food should be forced. Laségue,* in 1873, described vividly 
the manner in which this may confirm and intensify the neurosis. The 
use of coercive measures rests, however, on good medical authority. 
Gull stated that “the inclination of the patient must be in no way con- 
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sulted.” He did not mention feeding with a stomach tube, which was a 
recent invention. Ryle® (1936) included firmness as a part’ of the 
treatment in addition to assurance, removal from home and tact. 
Apparently he did not contemplate any forcible measures, for he said, 
“In some cases it may be necessary to sit with the patient until each 
meal is finished.” The fatal case reported by Stephens ** (1895) does 
not inspire confidence in the use of coercion. The third patient in our 
series was given one tube feeding a day, and it was planned to increase 
the number to three. The night before this increase was put into effect 
she made two attempts at suicide. Previously she had complained of 
abdominal pain when food was forced on her. In case 6 the use of even 
the mild suasion which is customary in a ward where metabolic studies 
are made was distressing to the patient. At first she hid part of the 
food, and when this was discovered she began to vomit. At this time 
she evinced mild suicidal tendencies. 

Thus, the experience in our series indicates that forcible feeding or 
even persuasion may be dangerous. In general, the attempt to break 
down a neurotic defense mechanism against the will of the patient is 
not without risk. Admonition may be successful in the case of 
milder disorders, as it was in our case 5. Tube feeding may be unavoid- 
able when starvation is severe enough to threaten life, but it should be 
undertaken with precaution and a realization of the risk. It is best 
done under psychiatric guidance. 

To attempt in these cases to increase the intake of food by direct 
means is symptomatic treatment. If it is desired to attack the cause, it 
is necessary to treat the neurosis, in other words, to employ psychiatric 
treatment or psychotherapy, if the latter term is preferred. Obvious 
though this statement may appear, it is contested by medical authorities. 
Von Bergmann ** (1934), who clearly recognized the psychic aspects in 
his cases, would not go so far as to employ psychotherapeutic treatment. 
Apparently he based his objection on the success of replacement therapy, 
although in the case which he emphasized in his discussion the patient 
died and even the glandular treatment failed. Ryle ® (1936) stated that 
psychoanalytic methods are “unwise and may do harm” and also that 
“direct inquiries into motive and difficulties are better avoided, at any 
rate in the earlier stages and the youthful cases.” Sheldon ** (1937), 
on the other hand, who made a careful study of the medical aspects of 
the disease, reported the successful use of “psychological” treatment. 

The history of the separate development of medical thought on the 
twin subjects of Simmonds’ disease and of anorexia nervosa is an 
instance of the difficulties which arise from too specialized an approach, 


47. Stephens, L.: Lancet 1:31, 1895. 
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whether the emphasis is on the physical or on the mental aspects. It is 
an illustration also of the extreme complexity of disease in man and 
the necessity for evaluation of all the factors, if further progress is to 
be made. 

SUMMARY 


This report concerns 6 patients, 3 of whom were thought at one time 
to have pituitary cachexia, or Simmonds’ disease, and all of whom 
proved to have anorexia nervosa. Apart from the psychic aspects, the 
symptoms, physical signs and laboratory findings differed in no essential 


from those reported in the literature in cases of Simmonds’ disease in 
which the diagnosis was proved at autopsy. In both diseases the mani- 
festations are those of inanition. In the diagnosis of a destructive 
lesion of the anterior lobe of the pituitary body when there is no evi- 
dence of an expanding lesion of the anterior lobe, the chief clues are the 
age and the number of pregnancies. The use of the therapeutic test, as 
expressed or implied in the literature, is criticized. It should be 
postponed until extracts of sufficient potency can be injected safely and 
until the dose necessary to produce an effect in man has been established. 
The diagnosis of Simmonds’ disease should be withheld until persistent 
efforts have been made to demonstrate a neurosis and to relieve it if 
present or until attempts have been made to increase the intake of food 
and vitamins. Even then the diagnosis may remain in doubt until 
autopsy. 

Simmonds’ disease, in the sense of a destructive lesion of the 
pituitary body, is rare. Whether milder grades occur in patients with 
anorexia nervosa is speculative at present. Evidences of preexisting 
ovarian insufficiency are not uncommon. 

Replacement therapy in cases of the type of condition often diagnosed 
as Simmonds’ disease rests on an extremely insecure basis. The diag- 
nosis is completely uncertain, and there is no conclusive demonstration 
of the action of the extract of the anterior lobe, either in proved cases 
of Simmonds’ disease or in pituitary dwarfs who have passed the normal 
age of puberty. 

In the treatment of our patients who had anorexia nervosa, no 
physiologic effect of the extract of the anterior lobe could be demon- 
strated. The doses were small. Insulin was used in case 1 and caused 
a powerful stimulation of the appetite. In case 3 it was received else- 
where without benefit. The administration of thyroid in case 4 was 
accompanied by an alarming acceleration in the loss of weight. The 
effect of a vitamin supplement could not be estimated, but the patient 
who made the most dramatic recovery received none. An adequate 
intake of vitamins is nevertheless of obvious importance. 
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The danger of coercive measures designed to increase the intake 
of food became obvious in cases 3 and 6. Further instances are cited 
in the literature. Such attempts are directed at the presenting symptom 
rather than at the cause. The treatment is essentially that of the 
neurosis. This should not imply neglect of the purely medical aspects 
of the case. 

The differential diagnosis of Simmonds’ disease and anorexia nervosa 
as well as the treatment presents a complex problem. This cannot be 


met adequately from any limited point of view but must be considered 


as a whole. 


NoteE.—With respect to case 2, the patient returned to the outpatient clinic 
in September 1938 and reported having had six regular menstrual periods begin- 
ning on April 17. Her weight was 44 Kg. (97 pounds). She continued in a 
precarious mental state. 

With respect to case 5, in retrospect a deficiency of vitamin B must be con- 
sidered as a cause of the edema. 

With respect to case 6, on March 1, 1938, spontaneous menstruation was resumed 
and continued, with a cycle of twenty-four to forty-three days, October and 
November being omitted. Her most recent menstrual period was from Dec. 20 
through 23, 1938. 

Miss Margaret Roucheleau and Miss Bettina Rhett gave nursing and adminis- 
trative assistance during this study. 
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Spontaneous pneumothorax in man is not uncommon. Although 
formerly thought of as usually associated with tuberculosis of the lungs, 
it is now known to occur secondary to some congenital anomaly or to 
nontuberculous infection of the lung in a high percentage of cases. 

Spontaneous pneumothorax associated with massive collapse of the 
lung, either postoperative or secondary to bronchial obstruction, has 
been infrequently observed.'| There is as yet no definite evidence to 
explain the mechanism of this interesting phenomenon. The present 
report deals with the experimental production of spontaneous pneumo- 


thorax in 8 dogs and in 1 goat and with a clinical case of spontaneous 


pneumothorax associated with atelactasis. 


EXPERIMENTS 

Complete atelectasis of the right or of the left lung was produced 
in animals by the silver nitrate technic? during the investigation of 
several problems dealing with operations on the lungs. This entailed 
the cauterization, through a bronchoscope, of the entire circumference 
of the mucous membrane of a primary bronchus with a 35 per cent 
solution of silver nitrate. Complete stenosis of the bronchus resulted 
about two weeks after cauterization and was verified by bronchoscopic 
examination. A diagnosis of massive atelectasis was made by finding 


dulness to flatness over the side collapsed, with displacement of the 


From the Department of Surgery of the University of Chicago 

1. Cummings, R. E.: Pneumothorax in Massive Collapse of the Lung in 
Pneumonia, Arch. Pediat. 52:623, 1935. Aldridge, C. B. M.: Pneumothorax 
Following Pneumonia, Brit. M. J. 2:926, 1915. Menetrier, P., and Pascano, A.: 
Pneumonia et pneumothorax, Bull. et mém. Soc. méd. d. hop. de Paris 39:657, 1914 
Jones, B. B.: Spontaneous Pyopneumothorax Complicating a Case of Lobar Pneu- 
monia, Virginia M. Monthly 51:98, 1924. 

2. Adams, W. E.: Detailed Description of a Safe and Reliable Method for 
Closing Large Bronchi, J. Thoracic Surg. 3:198, 1933. 
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cardiac impulse to that side. Fluoroscopic and roentgenographic study 
of the chest showed massive atelectasis of the stenosed lung ; the heart, 
the diaphragm and the chest wall were displaced toward the collapsed 
lung. The remaining lung became distended and showed dilatation of 
the bronchial tree. 

Fluoroscopic and roentgenologic examinations of the chest revealed 
spontaneous pneumothorax in 8 instances in dogs and in 1 instance in a 
goat (fig. 1). Routine roentgenologic examinations were not usually 
made after the occlusion of a bronchus, and thus instances of this 
phenomenon probably went unobserved. 

The pneumothorax appeared as soon as three days after the bron- 
chial occlusion. The air was observed on the side of the remaining 


Fig. 1—A, goat’s lungs, showing massive collapse of the left lung, with 
spontaneous pneumothorax. B, lungs of the same goat one month later, showing 
complete reabsorption of air in the left side of the chest. 


inflated lung in only 1 dog. In all others, the air was on the side of 
the massive collapse. The location of the pneumothorax was variable, 


sometimes being in the upper portion of the pleural cavity and in other 


instances being in the lower portion. Its evolution was followed by 
repeated roentgen examinations, and the reabsorption of the air was 
observed in from one to two months (figs. 2 and 3). 


Doc 1.—May 13: A septic embolus containing a lead pellet was lodged in the 
lobe of the left lung by being liberated in the blood stream through the jugular 


vein. 


3. Cutler, E. C., and Schlueter, S. A.: Experimental Production of Abscess 
of the Lung, Ann. Surg. 84:256, 1926, Holman, E.; Weidlein, I. F., and Schlueter, 
S. A.: A Method for the Experimental Production of Lung Abscess, Proc. Soc. 
Exper. Biol. & Med. 23:266, 1926. 
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May 15: A fluoroscopic examination revealed the lead pellet in the lobe An 
insignificant lesion developed and healed, and it was decided to use this animal in 


an attempt to collapse as much of the lung tissue as the endurance of the animal 


would permit. 








Fig. 2.—A, the chest of dog 1. B, the chest of the same dog, showing massive 
collapse of the right lung and spontaneous pneumothorax on the right side. Note 
the lead pellet in the lower lobe of the leit lung. 


Fig. 3—A, dog 1, five weeks later. Most of the air in the right pleural cavity 
has been reabsorbed. B, dog 1, twelve days after cauterization of the bronchus 
of the lower lobe of the left lung. Note the interlobar fissure at a and the lead 
pellet at b. The lower lobe of the left lung has not yet collapsed. 


June 19: The right primary bronchus was cauterized with a 35 per cent solu- 
tion of silver nitrate. This was applied through a bronchoscope with the animal 


under morphine anesthesia. 















32 OF INTERNAL MEDICINE 





ARCHIVES 


July 3: Bronchoscopic examination showed the primary bronchus on the right 
side to be stenosed to the point that it measured only 3 mm. in diameter. Silver 


nitrate solution was reapplied. 

August 22: A very small opening remained in the bronchus as seen with the 
bronchoscope. The solution was reapplied. 

September 6: There was no change in the bronchial opening. The solution 
was reapplied. 

September 22: Bronchoscopic examination showed complete stenosis of the 
bronchus. The right side of the chest was dull on percussion, and the cardiac 
impulse was plainly felt on the right side. 

September 25: The dog breathed so rapidly that it was almost dyspneic. 
Fluoroscopic examination revealed massive collapse of the right lung with the 
heart deviated to the right, but there was also spontaneous pneumothorax on the 
right side. Roentgenograms confirmed the fluoroscopic observations (fig. 2B). 

October 6: No change was evident fluoroscopically. 

October 30: Roentgen examination revealed almost complete disappearance of 
the pneumothorax (fig. 3 A). 

April 6: Bronchoscopic examination showed the primary bronchus on the right 
to be completely occluded. The bronchus of the-lower lobe of the left lung was 
cauterized. 

April 29: The bronchus of the lower lobe of the left lung had closed down to 
5 mm. in diameter. It was recauterized. 

May 11: At 11 a. m. the dog was dyspneic and restless. Respirations were 
slow and labored. At 2 p. m. a roentgenogram revealed massive collapse of only 
the right lung, with the mediastinal structures deviated toward the right (fig. 3B). 
An electrocardiogram showed no abnormalities. At 5 p. m. there was no change 
clinically. Dyspnea was extreme. A roentgenogram revealed massive collapse 
of the right lung and also of the lower lobe of the left lung, the lead pellet 
being shifted in position with the collapse of this lobe (fig. 4.4). There was a very 
large spontaneous pneumothorax on the right side—a spontaneous pneumothorax 
for the second time in this animal. A second electrocardiogram revealed little 
change. 

May 12: At 8 a.m. the dog appeared somewhat less dyspneic. A roentgeno- 
gram_.and an electrocardiogram showed little change. When these examinations 
were repeated at 2 p. m., the same results were obtained. 

May 13: The dog was less dyspneic. The appearance of the chest was little 
changed (fig. 4B). 

During the following twelve days the dog ate well, was up and about and 
appeared normal, although slightly dyspneic. 

May 25: The dog was found dead in its cage at 8 a. m. The animal was 
frozen before the chest was opened. Much of the air in the chest had been 
reabsorbed. There was massive atelectasis of all lobes of the lungs except the 
upper lobe of the left lung, which was enormously hyperinflated, partially filling 
the space no longer occupied by the other lobes. 


The mechanism of production of the spontaneous pneumothorax 
has been difficult to explain. The most plausible explanation is as fol- 
lows: With the production of massive atelectasis, the loss in volume 
due to the collapse of the lung is compensated for by the hyperinflation 
which results in the remaining, aerated lung. If the pleura of this dis- 
tended lung is overstretched, it may burst and give rise to the pneumo- 
thorax. 
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If, however, the air is liberated into the pleural cavity of the inflated 
side, an explanation must be forthcoming for its presence on the opposite 
(collapsed) side. It was found that the intrathoracic pressures in the 
sides of the chest of a dog with atelectasis were different. From between 


—6 and 8 cm. of water, which is the normal negative pressure in 
the dog, it increased to between 8 and — 10 in the aerated side and 
reached a level between 14 and — 18 in the atelectatic side. ‘hus 


it was thought that the air liberated from the hyperinflated lung was 
drawn into the side of the massive collapse owing to the higher negative 
pressure prevailing in this side of the chest. 

Of course, if the foregoing explanation is correct, the air liberated 


into the distended side has to pass through the mediastinum to reach 





Fig. 4.—A, roentgenogram taken three hours after that shown in figure 3B 
The lower lobe of the left lung, as well as the entire right lung, is completely 
atelectatic. Note the large spontaneous pneumothorax and the shift of the 
mediastinal structures. 8, roentgenogram taken two days later, showing little 
additional change. 


the opposite pleural cavity. Although it is well known that the medi- 
astinum in the dog is much thinner than that in man, the following 
experiment was planned in order to demonstrate the permeability to 
air of the mediastinal structure in this particular case. After complete 
atelectasis of the left lung had been produced, air was deliberately intro- 
duced into the opposite pleural cavity under fluoroscopic control. The 
air was seen to leave the injected pleural cavity and to fill up the ate- 
lectatic side (fig. 6). Thus it was proved that air liberated into the 
pleural cavity of the inflated side would pass immediately through the 
mediastinum into the pleural cavity of the atelectatic side, and that 
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the increased negative pleural pressure of the collapsed side probably 
sucked the air of the opposite side through the mediastinum. The pres- 
sure on both sides of the chest then became more nearly equalized, and 
the mediastinum returned to a position more nearly normal. The experi- 
ment was repeated, and the same results were obtained. In cases of spon- 
taneous pneumothorax the air liberated into the pleural cavity would 
decrease the size of the hyperinflated lung and thus allow the ruptured 


region to close again. The air would then be slowly reabsorbed. 











Fig. 5.—Roentgenogram of the chest of a dog, showing massive collapse of the 
right lung, with spontaneous pneumothorax, after complete stenosis of the primary 


bronchus on the right side. 


Doc 2.—April 1: Bronchoscopic examination was made with the animal 
under morphine anesthesia. The primary bronchus on the left side was cauterized 
with a 35 per cent solution of silver nitrate. 

April 14: <A roentgenogram of the chest revealed massive collapse of the 
left lung (fig. 6A). The pressure in the right pleural cavity was —12 cm 
With the aid of morphine anesthesia and fluoroscopic control, 250 cc. of air was 
introduced into the right pleural cavity. The pressure then read —6 cm. Although 
the air was introduced into the right pleural cavity, on fluoroscopic and roentgen- 


ologic examination it was found only on the left side. 
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May 1: A roentgenogram revealed complete reabsorption of the air during 
the two week interval since the pneumothorax had been induced. 

The experiment was repeated, the pressures being found the same as on 
April 14. A total of 175 cc. of air was introduced into the right pleural cavity. 
Again the air was observed only on the left side (the collapsed side) on fluoro 
scopic and roentgenographic examination (fig. 6 8). 

Comment.—In dog 1, further atelectasis to the extent of all but one 
lobe (the upper lobe of the left lung) was produced. As the last 
collapsed lobe was becoming atelectatic, spontaneous pneumothorax 
developed for the second time in this animal. The dog lived for fourteen 
days in spite of the reduction in the functioning of the pulmonary 


parenchyma and the presence of a large pneumothorax. Cases of spon 











Fig. 6.—A, roentgenogram of dog 2, showing massive collapse of the left lung 
B, the same dog after 175 cc. of air had been introduced into the right pleural 
space. Note that pneumothorax is on the left side only and that the heart is 
lifted away from the thoracic wall 


taneous pneumothorax associated with atelectasis reported in the litera 
ture have usually been secondary to a pneumonic process or to massive 
collapse of the lung. Of 7 cases of pneumonia reported by four authors, 
5 were in adults with three deaths; the other 2 were in children, with 
one death and one recovery. In general, spontaneous pneumothorax 
complicating pneumonia was thought to present a poor prognosis. 

L. R. Sante * described a case of massive atelectasis of the lung 
associated with pneumothorax. The condition appeared after an asth- 

4. Sante, L. R.: Massive (Atelectatic) Collapse of the Lung, with Report of 
a Case Showing Associated Spontaneous Pneumothorax, Am. J. Roentgenol. 20: 
213, 1928. 
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matic attack. A roentgenogram of the chest showed a small area of 
the upper lobe of the left lung still aerated, the remainder of the lung a 
being atelectatic. Sante believed that the change in pressure condi- 
tions resulting from the development of atelectasis caused a bleb of 
this aerated portion to burst, permitting an onrush of air into the pleural 
cavity and the formation of the pneumothorax. F.G. Dorwart ° reported 
a case of spontaneous pneumothorax associated with atelectasis which 
was observed eleven days after heminephrectomy ; he agreed with Sante 





in its interpretation. In both cases, the massive collapse of the lung dis- 4 
appeared after the patient had been rolled over on the unaffected side, 4 
the pneumothorax being gradually absorbed and the recovery of the 4 
patient being uneventful. Thus the prognosis probably depends largely 4 
bh 
3 








Fig. 7.—Anteroposterior and lateral views of a child 8 months old. Note the 
spontaneous pneumothorax in the upper part of the right side of the chest, with a 
the atelectatic lung beneath. : 


on the underlying pathologic process (pneumonia, massive collapse, etc. ) 
rather than on the complicating pneumothorax. 


REPORT OF A CASE 

In reviewing the cases of atelectasis observed at this clinic, we a 

found a case associated with spontaneous pneumothorax. A summary 
of the history follows: 





C. D., a Negro girl 8 months old, had begun to cough noticeably two months 
before admission. Loss of appetite, increasing irritability and fever followed. 
5. Dorwart, F. G.: Postoperative Pneumothorax—Case Report, and Con- a 
sideration of Factors That Might Be Concerned in Its Etiology, J. Oklahoma M. 
A. 28:205, 1935. 
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Cough and fever persisted. The child showed undernourishment on admission, and 
a a tuberculin test was positive with a dilution of 1: 5,000 on two visits in the out- 


patient clinic. The temperature was 101 F. The physical examination revealed a 





large amount of air in the right side of the thorax 

On fluoroscopic examination, the diaphragm appeared somewhat depressed on 
the right side and showed limited excursion. There was a large pocket of air in 
the upper half of the right pulmonary field, nearly complete consolidation of the 
middle third of the right lung, with what appeared to be a second pocket of air in 


its center, and frankly abnormal densities in the lower half of the right pulmonary 





4 field, extending downward from the hilus With the child. held erect on the 
¢ fluoroscope, the apparent pocket of air seen in the middle third of the lung field 
. in the horizontal position had disappeared. No pocket was seen in the middle 
3 third. A rather wide upper mediastinal shadow and definite displacement of the 
trachea nearly a centimeter to the left of the midline were noted. 

Anteroposterior and lateral roentgenograms of the chest revealed a large pneumo 


thorax occupying the upper half of the chest, with an opacity just beneath it 





resembling a collapsed pulmonary lobe. The left pulmonary field was normal 
(fig. 7). 
The diagnosis was spontaneous pneumothorax associated with massive atelec 


tasis. The patient did not return, and the case could not be followed further 


g CONCLUSION 


y It is interesting that the spontaneous pneumothorax in atelectasis, so 
rare in man, has been observed nine times in this experimental work. 


It seems, to judge by these observations, that the appearance of the 
= phenomenon is more frequent in dogs than in human beings. Probably 


the extension of the atelectasis, on the one hand, and the differences in 





the constitution of the lung and of the mediastinum, on the other, 
. account for these variances. In human beings the atelectasis is limited 
to a part of one lung, the remainder being distended and considered the 
q source of the pneumothorax which is produced in the same side of the 
4 chest. In the experimental animals, the atelectasis involved one com- 
plete lung, thereby increasing considerably the negative pleural pres- 

sures; the source of the air was in the contralateral aerated lung. In 


cases of complete atelectasis of one side in human beings, as seen in 





patients with massive collapse of one lung, the thick and more stable 
mediastinum, together with a visceral pleura fairly thick in comparison 
with the same structure in dogs, can explain the lack of development of 
spontaneous pneumothorax. The mobility and permeability of the medi- 


astinum of the dog are sufficient reason both for the fact that the ate- 





lectasis of one side exerts a greater influence on the other lung in this 
animal than it does in man and for the passing of the air from the 


aerated to the collapsed side of the chest. 
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SUMMARY 


Spontaneous pneumothorax associated with atelectasis was observed 


in 9 animals and in 1 human being. Experiments were carried out 
which proved that simple overdistention of the lung complementary to 
massive atelectasis, without the presence of external trauma or some 
other pathologic process in the second lung, is sufficient for the develop- 
ment of spontaneous pneumothorax. This type of mechanism—i. e., 
increased intrapleural negative pressure with overdistention of the non- 
collapsed lung—could explain some of the cases of spontaneous pneumo- 


thorax associated with atelectasis seen clinically. 












































ENDOCRINE MANIFESTATIONS IN JUVENILE 
DIABETES 


PRISCILLA WHITE, M.D 


BOSTON 


The search for clinical evidence of endocrine imbalance in juvenile 
diabetes has become imperative because the results of present day 
physiologic research indicate that experimental diabetes is a disturbance 
of endocrine regulation. The importance of these investigations rests 
not only with the fact that from the combined data of the laboratory 
and the clinic the mechanism of diabetes may be explained and its 
cause and prevention indicated but also with the possibility that a more 
nearly perfect form of treatment may be developed. 

The physiologist’s point of view has been summarized by Houssay 


in a classic article entitled “Diabetes as a Disturbance of Endocrine 


Regulation,” published in 1937. He has defined diabetes as a dis- 
turbance of carbohydrate metabolism in which the normal balance of 
regulating factors is altered. The muscular disturbances are secondary 
to functional changes in the liver and in the hormonal output of the 
pancreas, the pituitary body and the adrenal gland. In this regulation 
the liver holds the most important part, because it produces dextrose 
and governs the sugar content of the blood under hormonal influences 
The internal secretion of the pancreas maintains the blood sugar at a 
normal level. It is governed by the level of the blood sugar and vice 
versa. The secretion of the anterior lobe of the pituitary body normally 
prevents hypoglycemia and the decrease in glycogen. Excess activity 
of the anterior lobe increases resistance to insulin and decreases the 
endogenous production of insulin. The sympatheticoadrenal function is 
antagonistic to insulin. Lack of activity of the adrenal cortex results 
in hypoglycemia and amelioration of pancreatic diabetes. Activity of 
the thyroid gland favors the destruction of glycogen and decreases its 
formation. The gonadotropic hormones and the pregnant state can 
influence diabetes possibly through the pituitary body, the liver or the 
adrenals, and thus a suggestive conception of the diabetic state follows 
that the pancreas exercises an antidiabetic influence and the anterior 
lobe of the pituitary, the adrenal and the thyroid gland have a diabeto 
genic influence. In all cases of diabetes a relative insufficiency of insulin 

From the George F. Baker Clinic of the New England Deaconess Hospital, 


Dr. Elliott P. Joslin, director. 
1. Houssay, B. A.: Am. J. M. Sc. 193:581, 1937 
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exists, although the endogenous production of insulin may be normal 
or increased. In all cases of diabetes an anterior pituitary factor and 
perhaps adrenal, thyroid and gonadal factors. exist. This point of view 
of clinical diabetes stresses search for evidence of hyperfunction or 
hypofunction of the various endocrine glands in the diabetic or the 
prediabetic state, correlation of findings with those of the physiologic 
laboratory and a summarizing of the effects of deprivation and substi- 
tution therapy in the treatment of the disease. 


MATERIAL 

Because of the well known lack of evidence of a pathologic con- 
dition of the pancreas in juvenile diabetes,* the young patient lends 
himself well to this investigation. A review of the data concerning 
1,250 patients with juvenile diabetes (onset of the disease before the 
age of 15 years) indicated that 177 showed evidence of prolonged 
pituitary involvement. Of these 177 patients, 176 showed involvement 
related to the anterior lobe of the hypophysis (9 with signs of hyper- 
activity and 168 with signs of hypoactivity). Among these patients 
were 94 dwarfs, 22 with Frohlich’s syndrome and 51 with signs of 
infantilism. Only 1 patient had signs and symptoms related to the 
posterior lobe of the hypophysis. None of the 1,250 patients exhibited 
signs of deficiency of the thyroid gland, 3 had signs of hyperthyroidism, 
1 had possible adrenal disturbance and 28 had lesions related to the 
gonads. All, presumably, showed hypofunction of the pancreas, but 2 
presented signs of hyperinsulinism in addition. Sixty-five had distur- 
bances of the liver which may or may not have been of endocrine origin. 
Thus, a fourth of all the diabetic children whom my colleagues and | 
have studied in this clinic appeared to have well marked and persistent 
evidence of disturbance of endocrine balance. 


ANTERIOR LOBE OF THE HYPOPHYSIS 
Of all the endocrine glands involved in carbohydrate metabolism 
and, presumably, in diabetes, the most important, exclusive of the pan- 
creas, is the anterior lobe of the hypophysis. Within the past ten years 
the four following important physiologic observations have been made: 
First, Houssay* reported amelioration of diabetes of depancreatized 
toads, cats and dogs by hypophysectomy ; second, aggravation of dia- 
betes in the Houssay * animal was caused by injections of crude anterior 
pituitary extract; third, prolonged glycosuria was produced by Evans ‘ 
in animals treated with injections of an anterior pituitary extract that 
2. Warren, S.: Pathology of Diabetes Mellitus, Philadelphia, Lea & Febiger, 
1930. White, P.: Diabetes in Childhood and Adolescence, ibid., 1932. 
3. Evans, H. M.: Proc. Soc. Exper. Biol. & Med. 30:370, 1933. 
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was rich in the growth factor, and fourth, this work culminated in the 
experiments of Young,* who, with an extract of anterior pituitary sub- 
stance prepared according to the method of Schockaert, produced per- 
manent diabetes without pancreatectomy. 

One naturally asks, What profound changes have these experiments 
in endocrine deprivation and endocrine therapy produced, how are they 
brought about and how may they be related to clinical diabetes? It is 
well known that removal of the anterior lobe of the pituitary * results 
in atrophy of all the endocrine glands except the adrenal medulla. It 
increases the islet tissue of the pancreas, lowers the basal metabolic 
rate and produces hypoglycemia, a diminution of glycogen storage and 
glycogenolysis. The following factors that are augmented by: injections 
of anterior pituitary extract have been described: first, a pancreatropic 
factor > which is beneficial to the diabetic state and, second, a diabeto- 
genic factor which consists of ‘two parts, glycosuric and ketogenic. 
According to Houssay, the diabetogenic factor acts on the tissues pro- 
ducing resistance to insulin and depresses the endogenous secretion of 
insulin; it is ineffective in the ‘absence of the liver. A few experiments 
on human beings with diabetes are believed to have indicated the pos- 
sible presence of this diabetogenic substance. ‘Thus, the blood of adult 
diabetic patients is said to render rabbits resistant to insulin and is 
believed to create glycogenolytic action in rats. 

Krom the clues suggested by physiologic experiments, one must 
turn to clinical data and, first, search through it for evidence of hyper- 
secretion of the pituitary gland in juvenile diabetes; second, search for 
the explanation of: an apparent physiologic contradiction, namely, the 
great incidence of hypopituitarism in these patients, and, third, attempt 
to summarize the work which has been done regarding deprivation and 
substitution therapy. The search is not in vain, for, first of all, one 
finds that overgrowth is the most common precursor of juvenile dia- 
betes; 87 per cent of 303 of our children for whom we have the data 
were overheight prior to the onset of the disease, the average excess 
height being 2.4 inches (6.4 cm.). The average osseous development 
observed roentgenographically and reported by Bogan and Morrison ® 
was eighteen months in advance of the chronologic age, and the dental 
development was twelve months in advance. The basal metabolic rate 
in 86 cases was, on the average, plus 12 per cent (essentially normal), 
and the average intelligence quotient of 169 of our diabetic children 
was 10 points higher than that of the normal controls. 

The age incidence of juvenile diabetes also follows peaks of increas- 
ing activity of the pituitary gland. These peaks are believed to occur 


4. Young, F. G.: Lancet 2:372, 1937. 
. Anselmino, K. J., and Hoffman, F.: Ztschr. f. klin. Med. 129:24, 1935. 
6. Bogan, I. K., and Morrison, L. M.: Am. J. M. Sc. 174:313, 1927. 
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at 6 and 12 years of age. The role of growth in relation to the pro- 
duction of diabetes and its presumed relation to the anterior lobe of 
the hypophysis has recently been demonstrated in experimental diabetes. 
Thus, Long * has shown that in the depancreatized infant rat, diabetes 
does not develop immediately but only coincidentally with growth on 
the nineteenth day of life. A correlation exists at this point between 
juvenile and adult diabetes. Obesity is the most common precursor of 
diabetes in the adult ; overgrowth, in the child. The most common age 
of onset is 53 years, when, in women particularly, anterior pituitary 
hormones, such as the gonadotropic principle, are produced in excess. 
Although obesity is commonly associated with hypofunctioning of the 
pituitary body, there are diseases of hyperactivity, such as pituitary 
basophilism, in which it is a common finding. But more striking than 
this evidence was the result of Young’s* experiment. After repeated 
injections of an anterior pituitary extract, his dogs became extremely 
obese prior to the onset of diabetes. In our own work with a similar 
extract, marked obesity often preceded the growth in stature. 

Evidence of hyperactivity does not persist in the course of juvenile 
diabetes. Thus, after several years’ duration we find not only that the 
average height and weight of our children were essentially normal but 
94 children (approximately 8 per cent) were actually dwarfish, to the 
extent of being 4 to 13 inches (10 to 33 cm.) below the standard 
height for their age. 

Dwarfism in diabetes has long been considered a puzzling problem 
and a physiologic contradiction. The high incidence of dwarfism in 
our own series, however, we must emphasize, is not representative. 
Because of our interest in the association of these two conditions, we 
have sought dwarfish diabetic children whenever and wherever possible. 
Diabetic dwarfism follows and does not precede the onset of diabetes. 
Although we do not have the data for the height at onset in all cases, 
we do have the data obtained within the first year of onset for 36 
patients, and these indicate that the subjects were typical tall diabetic 
children. Dwarfism was not recognized as a rule until the fifth year 
of diabetes. The shortest duration was four years. There was male 
predominance, 59 of the 94 children showing dwarfism being boys and 
35 being girls. 

As early as 1925 a group of these dwarfish children were recog- 
nized, and because of this early recognition and the time relation to 
the period of undernutrition therapy, we concluded that their dwarfism 
was the result of the form of treatment. However, the number of 
dwarfish children increased in spite of the use of improved diets, and 
to explain this we concluded that undernutrition resulted from uncon- 


7. Long: Personal communication to the author. 
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trolled diabetes. Although we cannot rule out lack of control of dia- 
betes, with time it became evident that uncontrolled diabetes is not 
inconsistent with normal rates of growth and development. 

A study of the physical characteristics of these children shows that 
they had the type of dwarfism associated with pituitary deficiency or 
pituitothyroid deficiency. The hair was fine and sleazy; the skin was 
delicate, often covered with lanugo; dental development was normal 
though sometimes delayed; osseous development was either normal or 
delayed ; the epiphyses tended to close rather late, at 22 or, more rarely, 
at the normal time, 18; the intelligence quotient was, on the average, 
94, the range being from 60 to 120, and the psyche remained childish. 
Puberty occurred late; the menarche in 10 girls was established at an 
average age of 16.5 years, but the onset of catamenia had not occurred 
in 12 others whose ages varied from 15 to 23, the average age being 
18 years. The basal metabolic rate was, on the average, plus 14 per 
cent. The uric acid content was normal, 2.8 mg. The liver was enlarged 
in 34 of the patients, so that sometimes a mistaken diagnosis of von 
Gierke’s disease was made. Either the ratio of sitting height to standing 
height was normal, or there was an obvious defect in the lower segment. 
Reproduction was not inconsistent with dwarfism. Thus, of the former 
dwarfs, 4 have married ; two pregnancies have occurred among the girls 
in the series, although none among the wives of the former dwarfish 
boys. 

In favor of the diagnosis of pituitary dwarfism, too, in these chil- 
dren is the authoritative opinion of Houssay who, at the time he 
delivered the Dunham lectures at Harvard, in 1935, gave an opinion 
about these dwarfs; he said without a moment’s hesitation, “They are 
pure pituitary dwarfs.” 

There are three possible explanations for the apparent physiologic 
contradiction. First, the pituitary body in these instances has partially 
burned out; conceivably it does so in all instances of juvenile diabetes, 
but in this group of children more quickly than in the average diabetic 
child. Second, antihormones, including an antigrowth hormone, are 
produced. A third explanation was suggested by Houssay, that these 
children have a deficient pituitary gland, which causes a lack of both 
the growth and the theoretic pancreatropic factor. Although each view 
appears possible, the first seems to be the most logical; namely, that 
hyperactivity ends in hypoactivity. This observation is not without 
parallel in other conditions related not only to the pituitary gland but 
also to other endocrine glands. The acromegalic patient finally dies 
not of hyperpituitarism but of hypopituitarism. Prolonged adminis- 
tration of the gonad-stimulating factor causes atrophy of the gonads; 
prolonged administration of thyroid causes atrophy of the thyroid gland. 
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and prolonged administration of insulin inhibits secretion of insulin, 
even when the islet tissue is hypertrophied. 

If pituitary deficiency has occurred. in this group, it should be pos- 
sible to predict certain characteristic changes: (1) that the diabetes 
during the course of dwarfism would be mild; (2) that the incidence 
of diabetic coma would be different from that in the series at large, 
for it could be either low because of the lack of ketogenic hormone or 
increased because of the diminution in glycogen storage (the incidence 
was high—45 had had one or more attacks) ; (3) that the incidence of 
severe hypoglycemia would certainly be great, and (4) that the inci- 
dence: of cataracts and arteriosclerosis should be frequent. Actually, 
we have foundthat during the course of untreated dwarfism diabetes 
was mild. The incidence of severe hypoglycemia was great. One child 
had convulsions;almost daily for a year, 3 children were considered to 
have true epilepsy and a total of 40 had episodes of unconsciousness 
and convulsions. Four children had cataracts and 13 arteriosclerosis. 

Pathologie changes: comparable with, those found in hypophysecto- 
mized animals cannot, be reported on because, although the,mortality 
rate for this group was relatively high (12: deaths [13 percent] ), the 
majority of these children died outside of hospitals. Houssay * reperted 
a similar case, in which scars were seen on the pituitary;gland. There 
have been 3 autopsies in our own series, and the observations have not 
been remarkable. 

The result of the treatment of dwarfism in diabetes, is of interest 
not only as an important observation on this form of therapy but also 
because, of the possible result of injections of anterior pituitary extract 
on the course of diabetes. During the past ten years we have employed 
the following forms of therapy: diet alone; a high caloric and high 
protein diet with the addition of thyroid and anterior pituitary prepa- 
rations administered by mouth (10 patients), and a high caloric diet 
plus an anterior pituitary extract containing the growth hormone or a 
high caloric diet plus anterior pituitary extract containing the growth 
hormone plus thyroid (33 patients). In the group treated by diet alone, 
12 females aged 16 years or more finally attained an average stature of 
58.8 inches (148 cm.) ; and 17 males aged 18 years or over, an average 
stature of 63 inches (160 cm.). The maximum was 66.5 inches (168 
cm.). The end results of thyroid treatment were slightly better. The 
males, on the average, attained a stature of 64.1 inches (162.5 cm.). 
The maximum was 66.8 inches (169 cm.). Since anterior pituitary 
extract has been used more for younger patients, a comparison in cor- 
responding age groups cannot be made at present, but it can be stated 
that in many instances treatment with this extract trebled the rate of 


8. Houssay, B. A.: Personal communication to the author. 






































































WHITE—JUVENILE DIABETES 45 
growth. Thus, if the child had been growing at the rate of 0.5 inch 
(1.3 cm.) a year, he grew 1.5 inches (3.8 cm.) ; if he had been growing 
at the rate of 1 inch (2.5 cm.) a year, he grew at the rate of 3 inches 
(7.6 cm.) a year. Our most remarkable results have been obtained in 
an extremely dwarfish girl, who in five months grew 3 inches (7.6 cm.), 
and in a boy, who in ten months grew 5 inches (12.7 cm.). The 
expected normal average and the actual gains of children so treated 
were 1.5, 1.5 and 2.7 inches (3.8, 3.8 and 7 cm.), respectively, for 
males, and 1, 1.1 and’ 2.1 inches (2.5, 2.8 and 5.3 cm.), respectively, 
for females. 

Treatment of diabetic dwarfism with anterior pituitary extracts con- 
taining the growth hormone provides an interesting experiment on the 
use of anterior pituitary substance, for the substances used are not pure. 
One of the commercial preparations we employed was designedly 
complex, containing the gonadotropic, presumably the thyrotropic and 
possibly the pancreatropic factor. The gonadotropic factor was evi- 
denced in our patients, we believed, for those treated with this prepa- 
ration made a rapid gain in development. As these children were 
underdeveloped, this was a desirable effect. Theoretically, these prepa- 
rations may also contain the diabetogenic factor. As a result of admin- 
istration of these preparations, within two months of the time that 
treatment was inaugurated there was little change in nitrogen retention. 
Thus, the increase was from 53 to 57 per cent of the total intake. 
The average blood sugar values before and two months after. the 
administration of the anterior pituitary extract were essentially the same. 
This was studied by means of dextrose tolerance tests (1.8 Gm. per 
kilogram of body weight. Blood sugar values were taken as in standard 
tolerance tests (during fasting and at one-half hour, one hour and two 
hour intervals). Although the average blood sugar values of all patients 
were the same, the manufacturer whose anterior pituitary extract was 
designedly crude had reported to us that there was an improvement 
in carbohydrate tolerance in dogs, and this was demonstrated tem- 
porarily in the children. The blood sugar values before and after two 
months of therapy are shown in the accompanying table. There was 
no effect on acidosis. One might have expected an increase in incidence 
because of the ketogenic substance. But the average carbon dioxide— 
combining power of the blood of 9 patients before treatment was 49 
volumes per cent and two months after treatment 53 volumes per cent. 
\fter prolonged administration of anterior pituitary extract, diabetes 
appeared to be somewhat more severe, as measured by the requirement 
of insulin. Statements concerning the relative severity are open to 
question because all our children required, with protamine insulin, a 
larger dose than formerly, but dwarfs treated by means of diet alone 
required 45 units daily; the average diabetic child, 55, and dwarfs 
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treated with the anterior pituitary extract, 65. Because the failure of 
growth is an economic problem, we are willing to sacrifice diabetes for 
the treatment of this condition. 

Hormones stimulate the production of antihormones, and thus we 
sought for evidence either of a permanent beneficial effect on diabetes 
(which we did not see) or of a harmful effect on growth (this we have 


not observed ). 

In addition to the diabetic dwarfs, there was evidence of hypo- 
pituitarism in two other groups of patients. The first group had 
infantilism without failure of stature; this was observed in 51 of the 
children. This was not secondary to gonadal insufficiency, because 
epiphysial closure was not delayed. These children did not become 
excessively tall and were not of eunuchoid build. Compared with the 
dwarfish children, the sex distribution was nearly even, 27 girls and 
24 boys. A third class consists of 22 adolescent girls with obesity 


Blood Sugar Values in Grams Before and Two Months After 
Start of Therapy * 








Preparation A 


One-Half 
Fasting Hour One Hour Two Hours 
I ies icv cciverneen buwcerhaepees 0.23 0.35 0.45 0.49 
BIT TI io oiccess ce svncscccnes Regen 5, 7Re 0.23 0.36 0.44 0.45 
Preparation B 
NS 6 isos ocicuscecarnesgusnntteedes 0.34 0.41 0.48 0.52 
After treatment....... re Se Por rete 0.18 0.30 0.36 0.40 





* A pituitary extract containing the growth hormone preparation was supplied to us for 
two and a half years by FE. R. Squibb & Sons and for seven months by Parke, Davis & Co. 


resembling that associated with Frohlich’s syndrome. Other evidence 
of lack of activity of the pituitary body is found in adult patients, 
namely, in the frequent occurrence of sterility and the failure of 
lactation. 

Evidence of persistent hyperactivity of the pituitary was noted in 
9 children. The evidence of hyperactivity in the small groups was the 
excess of stature, a palpable thyroid gland, deep cupping of the optic 
disks and elevation of the basal metabolic rate. 

One other possible effect of hyperactivity of the pituitary body 
may result in still another complication, namely, hepatomegaly. Sig- 
nificant enlargement of the liver was noted in 65 children. Thus it is 
known that injections of anterior pituitary extract result in storage of 
fat in the liver; there is also believed to be a hormone which controls 
glycogen metabolism and is effective in von Gierke’s disease. How- 
ever, adequate data concerning the nature of the enlargement of the 
liver are at present lacking, and we classify this complication as an end 
result of uncontrolled diabetes. 
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From the clinical data we have concluded that hyperactivity of the 
pituitary body precedes the onset of diabetes. It is then followed by 
hypoactivity in the average case. This is shown by the fact that diabetic 
children do not continue to gain and maintain a height above the standard 
rate and also because the course of diabetes is one of mildness, then 
severity, then stabilization and finally mildness. In its extreme mani- 
festation, this failure of the anterior lobe of the pituitary body results 
in the diabetic dwarf. 

The depression of the activity of the pituitary body by roentgen or 
surgical treatment is not logical because neither form of treatment is 
selective. Administration of pituitary substances is believed to produce 
antihormones. This is a theoretic therapeutic possibility which is being 
pursued in various physiologic laboratories throughout the world. 


POSTERIOR LOBE OF THE HYPOPHYSIS 

Deficiency of the posterior lobe of the hypophysis has been recog- 
nized but once, in an atypical case of temporary diabetes insipidus. 
During this episode the course of the diabetes was mild. Posterior 
pituitary extract is useful in the treatment of the disease, however, for 
of all the contrainsulin substances, we rely more on pitressin than on 
any other for the treatment of severe insulin reactions complicated by 
unconsciousness and convulsions. 


ADRENAL GLAND 


The endocrine gland which is of third rank in connection with 
carbohydrate metabolism is the adrenal gland. Whereas physiologic and 
clinical observations suggest a possible role in the etiology of diabetes, 
the reverse relation is not so well defined. Thus, among diabetic patients 
it is exceptional to find recognizable evidence of adrenal disturbance, 
compared with the number of instances in which signs of disturbance 
of the anterior lobe of the hypophysis are present. After the discovery 
of the secretion of the medulla by Blum, in 1901, epinephrine was blamed 
for the production of diabetes. Although epinephrine is capable of 
producing hyperglycemia and glycosuria, prolonged administration has 
not produced diabetes and, presumably, the hyperglycemic result is 
brought about by an increased mobilization of glycogen. 

Because Long * and Lukens have demonstrated that depression of the 
adrenal cortex attenuates diabetes in cats and dogs maintained by extract 
of the adrenal cortex, attention is called to the possible diabetogenic 
hormone in the adrenal gland. The data are conflicting, however. In 

9. Long, C. N. H., and White, A.: Intermediary Carbohydrate Metabolism, 
Ergebn. d. Physiol. 40:179, 1938. 
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the laboratory of Long and Lukens, anterior pituitary substance did not 
aggravate the diabetes of the adrenalectomized animal, whereas in 
Houssay’s laboratory it did. Long suggested three possibilities: (1) the 
pituitary body works through the adrenal gland, (2) the adrenal gland 
works through the pituitary body or (3) the adrenal gland secretes a 
diabetogenic substance. As yet injections of adrenal substance have not 
produced diabetes, whereas anterior pituitary extract produces diabetes 
without pancreatectomy. 

Addison’s disease resembles pituitary insufficiency in its effect on 
diabetes. As one would suppose, it has not been observed in any case of 
juvenile diabetes. Hyperactivity of the cortex has been associated with 
the diabetic state in adults. Clinical evidence of hyperactivity in chil- 
dren, however, we have not seen. Thus, none of our girls has shown 
precocious development, and in the boys there has been no evidence of 
precocious growth, with production of the so-called Hercules type 
of child. 

There has been only 1 possible case of adrenal disease, a very com- 
plicated one. We believe that this 10 year old child, whose diabetes 
started when she was 1 year old, was a typical pituitothyroid dwarf. 
In addition to failure of growth in stature, she had a calcified adrenal 
gland, atrophy of the optic nerves and deep retinal hemorrhages and 
exudation. During five months of treatment with anterior pituitary 
extract, thyroid and yeast, in an interval complicated by traumatic frac- 
ture of both bones of the lower part of one leg, a peculiar bony over- 
growth and destruction of the knee joint, density of all the bones in 
relation to the epiphyses and a similar destructive lesion in the os calcis 
developed. 

So far as therapeutic suppression of the activity of the adrenal gland 
is concerned, it is probably illogical. Thus, Rogoff?’ has shown that 
secretion of the adrenal gland is suppressed and may even be lacking 
altogether during the course of experimental diabetes. 


THYROID GLAND 

The incidence of thyroid disease in juvenile diabetes in our series, 
we believe, is somewhat accidental and perhaps the result of the fact that 
3oston is in a “toxic goiter belt.” Thus, among the 1,250 juvenile 
patients we have seen 3 with typical primary hyperthyroidism. There 
was nothing remarkable about these patients; they had relatively severe 
diabetes, and the severity was increased by hyperthyroidism and some- 
what decreased but not cured by surgical treatment. No instance of 
diabetes associated with myxedema or cretinism has occurred in our own 


10. Rogoff, J. M.: Glandular Physiology and Therapy, Chicago, American 
Medical Association, 1935, p. 278. 
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series of young patients. We have a certain number of dwarfish children 
in whom the growth of the lower segment of the body is defective and 
who, because of the delayed development of the bones, may be classified 
as having thyroid or, what we think is better, pituitothyroid deficiency. 
Possibly some of the girls classified as showing obesity of the type seen 
in the Frohlich syndrome have thyroid deficiency, but this obesity too 
we have thought to be related to lack of thyrotropic hormone. In the 
literature there are reports of 3 cases of myxedema associated with 
diabetes in juvenile patients,'' and recently the remarkable case of an 
infant who showed signs of cretinism at 3 months was reported to us 
by Snyder.'* After thyroid feedings, severe diabetes developed, but the 
diabetes was not relieved by reduction in thyroid therapy and the return 
of symptoms and signs of cretinism. 

In the physiologic laboratory, thyroidectomy increases sensitivity to 
insulin, and thyroid feeding increases resistance to it. Theoretically, 
the action is indirect. Hyperglycemia and glycosuria associated with 
hyperactivity of the thyroid gland result because the metabolism is 
probably diverted to protein and fat channels and because there are 
excessive excretion of epinephrine and increased glycogenolysis. Thyroid 
feedings have never induced diabetes. 

So far as therapy is concerned, thyroidectomy is harmful, for most 
persons would agree that in the juvenile patient myxedema or cretinism 
would be infinitely more harmful than diabetes. 

GONADS 

The role of the gonads in diabetes in the young is of interest largely 
in one of three ways: first, the possible etiologic relation because of the 
great incidence of onset of juvenile diabetes at the age of maturity; 
second, the effects of catamenia on the course of diabetes, and, third, 
the effect of diabetes on the fatal accidents to the fetus of the diabetic 
mother. 

The influence of the gonads as an etiologic factor in diabetes is not 
shown by the physiologist. Thus, removal of the gonads does not pre- 
vent the onset of diabetes in the depancreatized animal. An increase in 
sensitivity to insulin is reported, followed by a slight increase in resis- 
tance to insulin. Although we have attributed some instances of diabetic 
coma to the onset of the menarche and to the recurrence of catamenial 
periods, and although some adult patients, whose word we feel is reliable, 
have reported an increase or decrease in sensitivity to insulin at alternate 
catamenial periods, the menstrual cycles of 9 girls studied among the 
11. Greenwald, H. M., and Collens, W. S.: Hypothyroidism Complicated by 
Diabetes Mellitus, Am. J. Dis. Child. 50:979 (Oct.) 1935 
12. Snyder: Personal communication to the author. 
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110 patients at our girls’ summer camp were unconvincing. There was 
nothing to indicate from their records that there was either increase or 
decrease in sensitivity to insulin. Perhaps these patients were not typical. 
Perhaps the accidents of diabetes which occur at this time may be related 
not to physiologic but to psychic and emotional disturbances. The data 
should be reexamined. 

The accidents to the infant of the diabetic mother, we believe, are 
largely endocrine. End results have been strikingly poor, even in the 
insulin era, for only 60 per cent of pregnancies of diabetic women 
terminate successfully. The characteristic failures are three: mis- 
carriage, stillbirth and neonatal death occurring within twenty-four hours 
of birth. The great frequency of early miscarriage is now attributed 
largely to thwarted toxemia predicted by a disturbed balance between 
gonadotropic substance and estrogen. For years the obstetric diabetic 
literature has contained accounts of the frequency with which stillborn 
infants, often described as overdeveloped, have been born to diabetic 
mothers. Although the effect of diabetes per se cannot be ruled out, 
we believe that among our own patients the data indicative of this rela- 
tion have been lacking, for repeatedly it has been our experience that 
although the mother’s diabetes has been under excellent control the 
infant has died two to eight weeks prior to term. Such accidents are now 
related to toxemia, a toxemia which is mild so far as the mother is con- 
cerned and is predicted by an abnormal relation between gonadotropic 
substances and estrogen.’* Here one is reminded of the experiments of 
Snyder and Hoopes, who showed that injections of the gonadotropic 
principle from the urine of pregnant women produces a picture not 
unlike that seen in the pregnancy of the diabetic woman, namely, over- 
development, death and maceration of a giant fetus. In these experi- 
ments the period of gestation was prolonged. In diabetes this is not 
true. The process of development appears to be speeded up, but there 
is a tendency to premature rather than postmature delivery. Why this 
mild toxemia should result in death to the fetus is not understood. 
Riddle ** has suggested the possibility that estrogen is the important 
factor, that it controls the growth and development of the placenta and 
uterus and that lack of this factor has a profound effect on the welfare 
of the infant. 

The first day of life is hazardous for the infant of a diabetic mother, 
who differs from the infant of a normal mother in three respects: First, 
he is a normal person exposed to an intravenous injection of dextrose ; 
second, he is a normal person exposed to the injection of insulin, for 
circulation of insulin both ways through the placenta has been demon- 


13. Smith, G. V., and Smith, O. W.: Am. J. Obst. & Gynec. 33:365, 1937. 
14. Riddle, O.: Personal communication to the author. 
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strated, and, third, he is a normal person exposed to acidosis which 
may be secondary to diabetes or toxemia. The possible end results are 
somewhat conflicting. Hyperglycemia may stimulate pancreatic endo- 
crine function; on the other hand, it may exhaust the pancreas. Pro- 
longed administration of insulin may inhibit the secretion of insulin, even 
though it gives rise to an increase in the number and in the volume of 
the islet cells. 

The blood sugar values and the carbon dioxide-combining power 
of our last 32 consecutive diabetic mothers and their offspring have been 
studied carefully. These infants have been grouped as follows: (1) 
normal infants, (2) abnormal infants who survived and (3) abnormal 
infants who died. It was found that a low alkali reserve was charac- 
teristic in the fatal cases, being, on the average, 30 volumes per cent, 
compared with 40 for the normal infants and 42 for the abnormal infants 
who survived. The blood sugar values for the infants of diabetic 
mothers were, on the average, slightly higher than those of normal con- 
trols. It is true that there is a tendency for the sugar content to drop 
within four hours after birth, but this also occurs in normal infants 
The drop is slightly more rapid but not to a lower level than that 
observed in normal infants.’ McKittrick,'® studying a group of infants 
of normal mothers at the Boston Lying-In Hospital, found that a blood 
sugar value of 25 mg. occurred without clinical signs of abnormality. In 
our own series of infants the blood sugar value dropped to 9 mg. in 
1 instance, 30 mg. in 1, to 40 mg. 3 times and to 50 mg. 7 times. 
\utopsies were performed in 10 of our fatal cases. Two of the infants 
were macerated, and therefore autopsy was unsatisfactory. The pancreas 
was normal in 5 cases and the islet cells were hyperplastic in 3. When 
this is compared with our blood sugar findings, however, it is found that 
hyperplasia occurred with normal and with elevated blood sugar values 
as well as with hypoglycemia, and vice versa. 

The chief fatal accident in the neonatal series in our experience has 
not resembled the hypoglycemia seen in patients treated with insulin or 
in those few patients with spontaneous hypoglycemia who have been 
observed but resembles typical asphyxia neonatorum. The asphyxial 
seizures have not been directly related to the level of the blood sugar, 
although there was a possible remote relation. Perhaps when the blood 
sugar level falls it affects the hypothalamus, which is stimulated to 
produce epinephrine, which in turn may cause the apnea so often fatal 
to the infant of the diabetic mother. So far as therapy is concerned, 


perhaps dextrose is good; but since we have been studying the blood 


15. Hartmann, A., and Senn, M. J.: Alkali Therapy, Am. J. Dis. Child. 42: 
693 (Sept.) 1931. 
16. McKittrick, J 


B.: Personal communication to the author. 
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sugar curves of the infants, we have postponed it unless the blood sugar 
level dropped very low and have directed our attention to the treatment 
of asphyxia, by means of an oxygen-helium incubator. 

So far as gonadotropic substance in the therapy of diabetes is con- 
cerned, it may be of value, because it is known that the administration 
of an estrogenic substance to depancreatized dogs has resulted in the 
control of hyperglycemia and glycosuria and longer survival. A bene- 
ficial effect has been reported, too, when estrogenic substance has been 
administered to diabetic patients. It has not been employed in our own 
series, but we have had an opportunity to study the effect of the ratio 
of estrogen to gonadotropic substance in the course of diabetes during 
pregnancy, and our results show that an increase in estrogen was not 


associated with a favorable change in the diabetic state. 


PANCREAS 

The undoubted relation between the internal secretion of the pancreas 
and diabetes needs little comment here. The experiments of von 
Mering and Minkowski, who accidentally produced diabetes by pancrea- 
tectomy, and the success of therapy with insulin have proved beyond doubt 
that insulin insufficiency results in diabetes. A few physiologic and patho- 
logic observations are important here as regards therapy for a better 
understanding of the interrelation of the glands of internal secretion. 
First, it is well known that the pancreas may be histologically normal, 
as it is in many instances of severe juvenile diabetes and, second, that 
insulin is found in the body of the patient.with severe diabetes at death. 
These two facts point to the possibility that overproduction of a diabetic 
factor results in diabetes and that the suppression of this would alter 
the course of the disease. 

Two of our 1,250 juvenile patients showed evidence of hyper- 
insulinism along with diabetes. One patient with a mild borderline 
condition deserves little comment; she never required insulin. The 
second patient was a girl whose diabetes had existed for ten years and 
whose requirement of insulin in a few months dropped from 67 to 
4 units. At the time of what we believe was an attempted menstrual 
period, diabetic acidosis developed. The Aschheim-Zondek test gave a 
positive reaction. She was not pregnant. For a week she required 
100 units of insulin a day and then returned to a state of mild diabetes. 
During the past year she has been treated entirely without insulin. 
Although diabetes is present for approximately one of each twenty-four 
hours, unless she has frequent small feedings of carbohydrate, spontane- 


ous hypoglycemia associated with unconsciousness and convulsions 
develops. The exact cause of this we have not been able to determine 
because of lack of permission for exploration. The patient prefers 


hyperinsulinism to diabetes and therefore refuses surgical treatment. 
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WHITE—JUVENILE DIABETES 


There are three possible explanations of this case: First, the enlarged 
liver may be the cause of the improvement of the diabetes; second, she 
may have an adenoma of the islands of Langerhans, and, third, in adult 
life pituitary insufficiency has developed which is even more marked than 
that shown by our group of patients with diabetic dwarfism. 


CONCLUSION 

In conclusion, the juvenile patient, even in retrospect, shows evidence 
of a disturbed hormonal balance. There is striking evidence of hyper- 
activity of the pituitary body in the prediabetic stage, followed by 
diminution of activity which in its most extreme form occurs in the 
diabetic dwarf. Some forms of endocrine disturbance are presumably 
accidental, namely, those related to the thyroid gland. Although the 
evidence does not exclude primary insulin insufficiency and although no 
form of therapy in diabetes yet compares with insulin therapy, this inter- 
relation of the endocrine glands gives the clue for future research. At 
present investigators throughout the world are searching either for an 
antihormone other than insulin or for the pancreatropic factor. 
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In 1927, Burrows and Farr,’ and shortly thereafter Dutcher, El) 
and Honeywell,? working independently, showed that rats were unable 
to utilize the vitamin A of butter fat when the latter was mixed with 
liquid petrolatum. Moness and Christiansen * later described experi- 
ments showing that the utilization of vitamin A from cod liver oil was 
not appreciably affected by its mixture with liquid petrolatum. Rown- 
tree* stated the belief that if the vitamin A of the diet was not 
“adequate” the addition of liquid petrolatum to the diet of rats would 
cause a vitamin A deficiency to appear. She compared the effect of 
liquid petrolatum mixed with small amounts of butter fat with that of 
liquid petrolatum mixed with small amounts of cod liver oil. Her results, 
interpreted in the light of previous observations by Moness and Chris- 
tiansen, are essentially like theirs: that the vitamin A of cod liver oil 
is not affected by the mixing with liquid petrolatum, whereas the 


From the Department of Internal Medicine of the Medical School of the 
University of Michigan. 

Read at the Tenth Annual Meeting of the Central Society for Clinical 
Research, Chicago, Nov. 5, 1937. 

A part of the expense of this investigation was defrayed from the income 
of The Upjohn Company Fellowship in Medicine, University of Michigan, 1937 
and 1938. 
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vitamin A of butter fat is absorbed by and excreted with liquid petro- 
latum that is added. Jackson® repeated the experiments of Dutcher, 
Ely and Honeywell and noted vitamin A deficiency when the butter fat 
and the liquid petrolatum were mixed but little diversion of the vitamin A 
when they were given separately. The reason for this distinction was 
not apparent until Moore ® showed that carotene and vitamin A were 
separate substances. 

Soon after Moore made his announcement, Dutcher, Harris, Hartzler 
and Guerrant * reported experiments showing that crystalline carotene 
could not be utilized when ingested with a relatively small amount of 
liquid petrolatum, but that if a carotene-free concentrate of cod liver oil 
containing vitamin A was fed in conjunction with liquid petrolatum the 
vitamin A was absorbed from the gastrointestinal tract quite readily. 
These authors further reported experiments showing that when liquid 
petrolatum was given the excretion of carotene in the feces was propor- 
tional to the amount of carotene fed. When carotene was fed and 
liquid petrolatum omitted, the excretion of carotene in the stools was 
small in amount and remained approximately constant even though the 
amount of carotene in the diet was increased. Mitchell,* in 1933, and 
Jackson,® in 1934, feeding foods high in carotene and low in vitamin A, 
obtained results similar to those of Dutcher and his associates 






METHOD OF EXPERIMENTS 





















Previously the experiments have been performed on animals. Our observa 
tions deal with the effect in man of various amounts of ingested liquid petrolatum 
on the absorption of carotene from the gastrointestinal tract, as measured by 
determinations of blood carotene. In general, two types of experiments were 
feeding diets lower than normal in their carotene 


carried out. One consisted in 
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content 1° (2,958 U. S. P. units of vitamin A) in addition to oral feedings three 
times daily of 4.5 mg. of carotene dissolved in 1 cc. of cottonseed oil. The diet 
and the carotene were fed alone during one part of each experiment and mixed 
with 20 cc. of liquid petrolatum during the other part. The second type of 
experiment consisted in feeding diets high in carotene, ranging from 24,089 to 
32,200 U. S. P. units of vitamin A, and alternating periods when the diet alone 
was given with periods when various amounts of liquid petrolatum were given. 
No special attempt was made to mix the liquid petrolatum with the food; but 
in all experiments except those in which 30 cc. of liquid petrolatum was used, 
the petrolatum was given from one half to one hour before meals. The patients 
were strictly confined to bed during the experiments. All diets were weighed 
and consisted of two menus alternated daily to afford variety. Determinations 
of blood carotene were frequently made on fasting blood by the White and 
Gordon !! modification of Palmer's !2 method. All values for blood carotene are 
expressed in dichromate units.1* 
RESULTS 

Three experiments were conducted with low carotene diets and a 
mixture of 20 ce. of liquid petrolatum and 1 cc. of carotene in vegetable 
oil..* This mixture was taken three times daily. Chart 1 shows 
that during periods of ten and eleven days when the mixture was taken, 
the blood carotene fell. When the same diet was continued with three 
additions daily of carotene dissolved in vegetable oil but with the 
omission of the liquid petrolatum, a rapid rise in the blood carotene 
occurred. 

The objection to this type of experiment may be that the patient 
was depleted of vitamin A stores before the carotene feeding was begun, 
and that the failure of the blood carotene to rise during a period was 
due to a conversion of carotene to vitamin A and its storage in the 
liver. To answer this objection, we repeated the experiment in reverse 
order, first feeding the patient a low carotene diet with supplements 
of carotene dissolved in vegetable oil in amounts of 1 cc. three times 
daily and later adding the liquid petrolatum to the carotene in vegetable 
10. Vitamin A values for foods were computed from average values in the 
tables of H. C. Sherman (Chemistry of Food and Nutrition, New York, The 
Macmillan Company, 1937). 

11. White, F. D., and Gordon, E. M.: The Estimation of the Serum Carotin, 
J. Lab. & Clin. Med. 17:53-59 (Oct.) 1931. 

12. Palmer, L. S.: Carotinoids and Related Pigments, New York, The 
Chemical Catalog Company, 1922. 

13. A certain percentage of the yellow pigments which appear in the purified 
petroleum benzine extract are related to the carotenes but are not vitamin A 
precursors. As we are dealing with relative changes in the pigments, this error 
should remain constant. White and Gordon state that each dichromate unit is 
equivalent to 0.04 mg. of carotene in 100 cc. of solvent. 

14. Each cubic centimeter of the carotene in vegetable oil contained 4.5 mg. of 
crystalline carotene dissolved in 1 cc. of cottonseed oil and contained no less than 
7,500 U. S. P. units of vitamin A. 
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oil. Chart 2 shows that a rapid rise of blood carotene occurred when 
the patient was taking the diet and carotene in vegetable oil. When 
the latter was mixed with liquid petrolatum, a rapid fall of the blood 
carotene occurred. 
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Chart 1.—Curves showing the fall in blood carotene that occurred during a 
period of ten and of eleven days respectively when a mixture of 4.5 mg. of 
crystalline carotene in 1 cc. of vegetable oil was dissolved in liquid petrolatum and 
given in amounts of 20 cc. three times daily before meals to patients on a low 
carotene diet and the subsequent rapid rise in blood carotene when the same diet 
was continued with three additions daily of carotene dissolved in vegetable oil, but 
with the liquid petrolatum omitted. 
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Chart 2.—Increase in blood carotene when supplements of 4.5 mg. of carotene 
dissolved in 1 cc. of vegetable oil were given three times daily to a patient on a 
low carotene diet, followed by a rapid fall when the carotene and vegetable oil 
were mixed with liquid petrolatum and the mixture given in amounts of 20 cc. 
three times daily before meals. 
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Chart 3.—Effect of 20 cc. of liquid petrolatum taken three times daily before 
meals on the blood carotene of a patient on a high carotene diet. During the 
period when the liquid petrolatum was taken the blood carotene level remained 
constant. When the liquid petrolatum was omitted and the diet continued, the blood 
carotene level rapidly increased. 
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Chart 4.—Rise in the blood carotene of a patient on a high carotene diet 
and its subsequent fall when 20 cc. of liquid petrolatum was given three times 
daily before meals. 
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Chart 5.—Effect of 20 cc. of liquid petrolatum taken twice daily (before 
the morning and evening meals) on a patient eating a high carotene diet. The 
blood carotene remained constant as long as the mineral oil was taken. When 
the liquid petrolatum was omitted, the blood carotene level rapidly increased 
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This experiment is admittedly an artificial one. The average human 
being does not take carotene as a mixture of crystalline carotene dis- 
solved in liquid petrolatum. Our object in planning the experiment this 
way was to see whether Jackson's * results, showing a greater absorption 
of carotene by liquid petrolatum when the latter was mixed with 
carotene-bearing foods, could be duplicated in human beings. 

After obtaining decided variation in the blood content of carotene 
by the administration of liquid petrolatum to an otherwise high carotene 
mixture, we devised experiments to imitate more closely the manner in 
which liquid petrolatum was ordinarily given and thus to see what effect 
the petrolatum might have when all of the carotene was in natural form. 
Chart 3 shows that if a patient followed a high carotene diet and took 
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Chart 6.—Rise in the blood carotene of a patient on a high carotene diet and 
its subsequent fall when 20 cc. of liquid petrolatum was given twice daily, before 
the morning and evening meals. 


20 ce. of liquid petrolatum before meals, the blood carotene stayed at 
a constant level. If the diet was continued but the liquid petrolatum 
omitted, a rapid rise in blood carotene occurred. Chart 4 shows the 
rise in blood carotene which occurred when a high carotene diet was 
fed alone and the subsequent fall in blood carotene when 20 cc. of liquid 
petrolatum was given before meals. 

When 20 cc. of liquid petrolatum was given twice daily, before the 
morning and the night meals, to patients on high carotene diets, the 
effect on the blood carotene was still definite, as may be seen in charts 
5 and 6. 

When 30 cc. of liquid petrolatum was given before retiring, the 
upper part of the gastrointestinal tract was probably empty and there- 
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fore little opportunity existed for mixture of the petrolatum with food. 
Chart 7 A shows that the blood carotene rose in spite of the liquid petro- 
latum and that it continued to rise when the liquid petrolatum was 


> 


stopped. Chart 7 B shows that the administration of 30 cc. of liquid 








HIGH CAROTENE DIET 


+ 
30 CC. LIQUID PETROLATUM. #.S. 
> 


7 





BLOOD CAROTENE 
IN DICHROMATE UNITS 


t > 
HIGH CAROTENE DIET. 
NO LIQUID PETROLATUM 





NOTE - : + 
HIGH CAROTENE DIET = 32,000 viT A UNITS 
© -~ AVERAGE OF DUPLICATE DETERMINATIONS 














2 a 6 8 10 2 14 16 
-DAYS- 








HIGH CAROTENE DIET 
NQ LIQUID PETROLATUM 
4 





y 


& 





HIGH CAROTENE DIET. 
30 CC. LIQUID PETROLATUM #.S. 


BLOOD CAROTENE 
IN DICHROMATE UNITS. 


| 
NOTE- HIGH CAROTENE DIET = 30,000 vit. & UNITS 
@ - AVERAGE OF DUPLICATE DETERMINATIONS 














> 2 4 6 8 10 12 14 16 18 20 22 
B -DAYS- 


Chart 7.—When 30 cc. of liquid petrolatum was given to patients on a high 
carotene diet just before retiring, little opportunity existed for mixture of the oil 
and food, and little if any diversion of the carotene occurred, as measured by the 
blood carotene levels. 


petrolatum to a patient on a high carotene diet caused little if any 
diversion of the carotene. 





ARCHIVES OF INTERNAL MEDICINE 


COMMENT 


It will be seen in the previous experiments that liquid petrolatum 
given in amounts of 20 cc. three times daily or twice daily before meals, 
or mixed with carotene dissolved in cottonseed oil, prevents complete 
absorption of carotene from the ingested material. In this respect, these 
experiments compare with those previously quoted of Dutcher and his 
colleagues, of Mitchell and of Jackson. 

A comparison of charts 3 and 5 shows that the rise of blood carotene 
is much more rapid when carotene is fed dissolved in vegetable oil than 
when a diet containing large amounts of carotene is given. It is also 
evident that the fall in blood carotene is much more rapid when fed in 
this manner, mixed with liquid petrolatum, than when liquid petrolatum 
and high carotene foods are given. The total number of vitamin A units 
is somewhat greater when 3 cc. of carotene in oil is fed daily with 
a low carotene diet (25,458 units) than when a high carotene diet alone 
is fed (24,089 units). This slight difference may explain the more 
rapid rise in blood carotene, but it does not explain its rapid fall. The 
mixture of the carotene in oil with liquid petrolatum must then be 
responsible for this change. We believe these experiments confirm 
Jackson’s * conclusion that a greater depletion of carotene occurs when 
carotene foods and liquid petrolatum are mixed than when they are 
fed separately. 

When the total amount of liquid petrolatum is decreased from 60 cc. 
daily to 40 cc. daily but the oil is still given in 20 cc. doses before the 
morning and the night meal, the diversion of carotene seems to be as 
pronounced as when 20 cc. is given three times daily. When a total 
of 30 cc. of liquid petrolatum is given to a patient on an apparently 
“empty” stomach, there seems to be little if any effect on the absorption 
of carotene from the gastrointestinal tract, as measured by the blood 
carotene. 

Carotene cannot be regarded as vitamin A, and we do not wish to 
infer that our determinations are of anything but carotene. The vitamin 
is formed in the animal body from its precursors, the carotenes, or is 
ingested in pure form in the products of other animals. Because of 
the existing relationship between vitamin A and carotene, the level of 
the blood carotene should reflect to some degree the amount of available 
vitamin A present. For the same reason any substance which will 
prevent the absorption of carotene from the gastrointestinal tract will 
indirectly diminish the available vitamin A of the body. 

In the experiments presented here, the amount of carotene available 
in the diets or in the carotene in oil was several times greater than that 
required, and the amounts of liquid petrolatum given in the first experi- 
ments were slightly more than average. The administration of liquid 
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petrolatum immediately before meals is not the customary manner of 


using the drug therapeutically, but some physicians prescribe it that way, 
believing it has a better effect as a laxative when so used. The adminis- 
tration of liquid petrolatum just before retiring is the common method 
of prescribing it. We do not wish to imply that all the conditions which 
have been demonstrated in this study necessarily exist in the ordinary 
use of the drug, but we do believe that if liquid petrolatum is adminis- 
tered at a time of the day when it may be mixed with food in the 
gastrointestinal tract it interferes with the absorption of carotene. 


CONCLUSIONS 

1. When crystalline carotene is fed in vegetable oil to persons on a 
constant diet, an elevation of the blood content of carotene is demon- 
strated. 

2. When liquid petrolatum is added to the mixture, there is a reversal 
of this effect. 

3. Liquid petrolatum in amounts of 20 cc. three times daily before 
meals or 20 cc. twice daily before meals abolishes or reverses the 
response of the blood carotene to a high carotene diet. 

4. Little if any effect on the blood carotene is demonstrated when 
the liquid petrolatum is given in a single dose of 30 cc. at bedtime. 
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In epidemiologic studies of bacillary dysentery one is often con- 
fronted by the problem of why some exposed persons contract the disease 
while others escape infection. This fact is particularly surprising during 
outbreaks definitely traceable to a common source, such as contaminated 
food or water. Although natural or acquired immunity to the disease 
may be present in isolated instances, it can hardly be the sole explanation, 
since a low percentage of immunity among exposed persons during 
epidemics appears to be so general. Moreover, the viability and antigenic 
specificity of the dysentery organism can often be demonstrated in the 
contaminated food which has been ingested by affected and by unaffected 
persons alike. The explanation obviously lies in some protective mecha- 
nism of the body, and since the gastric juice offers the first barrier to 
the swallowed dysentery organisms a study of this factor was undertaken. 

The role of the gastric secretion in preventing the passage of bacteria 
from the mouth to the intestine has been studied intensively by Arnold 
and his associates.'_ They have shown that as long as free hydrogen ions 
are present within the gastric lumen, few viable bacteria are to be found 
there. Swallowed oral bacteria survive in the stomach when the py 
is more alkaline than 3. Thus in patients with a deficiency of acid secre- 
tion the oral flora extends from the lips to the pylorus. A normally 
functioning gastric mucosa produces a secretion which saturates the 
ingested food with acid radicals. Arnold has stated that the contents of 
the duodenum and jejunum have a py range of 5 to 6.5, depending 
largely on the effectiveness of the acid saturation in the stomach. The 
figures as stated indicate a good acidifying gastric mechanism, the 
duodenal flora being represented by a few enterococci. There appears 
to be a close relation, therefore, between the gastric and the duodenal 
secretion in the control of bacterial flora. 


From the Department of Laboratories and Research, the Bronx Hospital. 
This investigation was aided by a grant from the Blood Betterment Association. 
1. Arnold, L.: J. Infect. Dis. 38:246, 1926; Am. J. Pub. Health 17:918, 
Host Susceptibility to Typhoid, Dysentery, Food Poisoning and Diarrhea, 
M. A. 89:789 (Sept. 3) 1927; Am. J. Hyg. 8:604, 1928; J. Hyg. 29:82, 
Hood, M., and Arnold, L.: Am. J. Digest. Dis. & Nutrition 4:40 and 95, 
Arnold, L., and Brody, L.: Am. J. Hyg. 6:672, 1926. 
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In addition to the acid protective mechanism of the stomach, Florey * 
has stressed the important role which is played by the mucous secretion. 
Nonpathogenic bacteria are enmeshed in the mucus and rendered inert. 
Those which are sensitive to lysozyme are dissolved. Pathogens such 
as Bacillus typhi murium, however, appear to elicit in the intestine a 
migration of phagocytic cells into the lumen, with the production of focal 
areas of mucosal denudation. 


In studying the bactericidal effect of gastric juice, a dysentery strain 


was chosen which has been the source of many outbreaks of gradually 
increasing frequency and severity. 


MATERIAL AND METHOD 


Gastric contents were obtained from the specimens submitted for routine gastric 
analysis in the hospital. In the great majority of instances only specimens obtained 
during fasting were used for the test; while in others, specimens taken for frac- 
tional analysis after an Ewald test meal were utilized. Throughout the procedure 
a single strain of Bacillus dysenteriae was used as a measure of the bactericidal 
action, namely, the Sonne-Duval (D) strain. This strain was obtained from 
the Department of Health of the city of New York and conformed to all the 
usually accepted criteria for the Sonne-Duval strain. The organism was a 
gram-negative, nonmotile, nonspore-forming, aerobic rod which produced acid 
but no gas in the following carbohydrates: dextrose, galactose, mannitol, maltose, 
rhamnose and lactose. In the last three substances named, acid was formed only 
after three or four days’ incubation. No change was produced in salicin, sucrose 
or xylose. In litmus milk there was slight production of acid. Tests for indole 
in peptone water cultures gave positive results. Serologically, this strain agglu- 
tinated with Mount Desert serum to a titer of 1:2,560 and with Sonne-Duval 
serum to a titer of 1: 10,240. 

The method used in testing the inhibitory action of gastric contents for this 
strain of B. dysenteriae was, briefly, as follows: The material when received 
was immediately passed through a Seitz bacterial filter and cultured for sterility. 
To 2 cc. of the sterile gastric filtrate was added 0.25 cc. of a standardized eighteen 
hour broth culture (px, 7) of the Sonne-Duval strain of B. dysenteriae. In 
every instance a saline control was used. The pu of the gastric filtrate was deter- 
mined by the colorimetric method, standard buffer solutions being used with the 
following indicators: thymol blue (fa range, 1.2 to 2.8), bromphenol blue (pu 
range, 3 to 4.6), methyl red (fu range, 4.4 to 6) and bromthymol blue (fu range, 
6 to 7.6). On the addition of the culture, the filtrates were incubated at 37.5 C., 
and subcultures were made after fifteen, thirty, sixty and one hundred and twenty 
minutes. The tubes were then permitted to remain in the incubator over night, 
and subculture was again carried out, to determine whether the inhibition might 
possibly be transitory. In no case was this evident. 


RESULTS 
Growth in Filtered Gastric Juice—In table 1 are summarized the 


results of fifty tests performed to determine the effect of filtered human 


2. Florey, H. W.: J. Path. & Bact. 37:283, 1933. 
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gastric juice on the strain of B. dysenteriae employed. A study of the 
figures reveals that every specimen having a py of 5.5 or lower com- 
pletely inhibited the growth of the test organism. The specimens 
included in these pu values (i. e., a py of 5.5 or less) showed a range 
of free hydrochloric acid from 16 to 93. In several instances (tests 21, 


TABLE 1.—Summary of Fifty Studies Indicating the Bactericidal Effect of Filtered 
Human Gastric Juice on the Sonne-Duval D Strain of B. Dysenteriae * 
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4.4 
4.8 
2.7 
5.0 
5.0 
6.7 
7.2 
3.6 
4.0 
3.6 
5.0 
3.4 
3.4 
3.6 
7A 
2.9 
7.3 





* In this table and in the succeeding tables, the symbols are used as follows: 0 indicates no 
growth on agar plate; +, infrequent scattered colonies on an agar plate; ++, a greater 
number of colonies but no confluent growth; +++, some confluent growth with some scattered 
colonies, and ++-++, confluent growth, with no individual colonies. 


TaBLe 2.—Bactericidal Effect of Sixty Gastric Filtrates as Related to the pu Values 
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41, 48 and 49) the inhibition manifested itself only after prolonged 
contact between the gastric filtrate and the organism. With a rise in the 
fu above 5.5 and therefore a lower acidity, the germicidal activity began 
to disappear, to the extent that above a py of 6 the growth of the 
organism was not at all affected by the presence of the gastric filtrate. 
Table 2 presents these results in a more concise form and also indicates 
the complete cessation of growth at the stated py values. 
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The py determinations in our series ranged from 2.5 to some which 
were slightly alkaline. The limited series and the possibility of a slight 
regurgitation of bile into the pylorus might be considered as factors 
accounting for some of the high py values obtained for the gastric 
filtrates. 

In an earlier study Bartle and Harkins * found that when the free 
hydrochloric acid content of gastric juice was less than 10, no germicidal 
activity could be demonstrated. However, with a free hydrochloric acid 
content ranging from 20 to 100 (corresponding to py values of approxi- 
mately 5.5 or less), there was definite bactericidal action. Despite a 
difference in the actual technic, our results parallel quite closely those 
obtained by these authors. This is illustrated in tables 1 and 2. 

Growth in Buffer Acid Solutions —Since our studies with the gastric 
filtrates indicated a fairly sharp delimitation beyond which the dysentery 


TasLe 3.—Effect of Buffer Acid Solutions on the Growth of the Sonne-Duval 
D Strain 


Growth Growth 
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organism ceased to grow, it was of interest to determine the comparative 
inhibitory action of buffer acid solutions. Utilizing the same technic, 
the growth of B. dysenteriae in solutions of known py was studied. 

The solutions were prepared by adding fifth-normal hydrochloric acid 
or sodium hydroxide to fifth-molar acid potassium phthalate in amounts 
giving the py values designated in table 3. The py of each solution was 
checked by the colorimetric method. This study was repeated on two 
occasions with freshly prepared solutions that were passed through Seitz 
filters. 

Examination of the data reveals that the Sonne-Duval (D) strain 
of B. dysenteriae will not grow after contact with a solution having a py 
of 4.5 or less. At a slightly lower acidity the inhibition is only partly 
demonstrable, but beyond this point the organism flourishes. This 
characteristic may be termed the acid tolerance of the strain, and it 
corroborates the generally accepted limits beyond which this group of 
bacteria will not survive. For the Flexner Y and Shiga strains similar 
results were noted. These strains will grow in acid solution having a 


3. Bartle, H. J., and Harkins, M. J.: Am. J. M. Se. 169:373, 1925. 
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pu value of 4.4 or greater. The acid tolerance of many strains of 
Bacillus coli has been set at a py of 4.6. The close correlation found 
for the inhibitory action of gastric juice and of inorganic acids has been 
previously reported by Knott * and also by Bartle and Harkins.® 

A comparison of the results obtained in the two studies indicates 
that the hydrogen ion concentration may not be the sole operating factor 
which determines the bactericidal power of gastric juice. This thought 
is usually implied, however, when the barrier of gastric juice to the 
passage of bacteria is considered. The possibility that a variety of 
factors may determine the effectiveness of this barrier is further indi- 
cated by the difference in the levels of acidity at which B. dysenteriae 
will survive in gastric juice as compared with buffer acid solutions. 

Growth in Buffer Acid Solutions with the Addition of Pepsin.—This 
study was prompted by the desire to determine the viability of B. dysen- 


TaBLe 4.—The Effect of Buffer Acid Solutions with Added Pepsin on the 
Growth of the Sonne-Duval D Strain 
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teriae in the presence of the gastric enzyme and of buffer acid solutions. 
Utilizing the solutions and setup described in table 3, but with the 
addition of pepsin, the previous experiment was repeated. Commercial 
pepsin was added to each py solution in amounts sufficient to result in 
a final concentration of 0.75 per cent pepsin in each tube. Table 4 details 
the setup and the results obtained. The addition of the pepsin seemed, 
in this instance, to enhance the growth of the bacteria at py values at 
which, with only acid solutions present, complete inhibition had been 
obtained. The precise reason for this cannot be stated definitely at 
present, but the purely physical action of the added protein in the form 
of pepsin may be considered a factor. In this connection the work of 
Nungester, Jourdonais and Wolf ® is of interest. These authors found 
that the use of mucin as a menstruum for bacteria greatly increases the 
invasive powers of the organisms. They also suggested that the vis- 
cosity and cohesiveness of the mucin appear to be important factors. 


4. Knott, F. A.: Guy’s Hosp. Rep. 73:429, 1923. 
5. Nungester, W. J.; Jourdonais, L. F., and Wolf, A. A.: J. Infect. Dis. 59: 
11, 1936. 
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The question arises, then: Does the presence of pepsin facilitate the 
germicidal activity of gastric juice in those instances in which sufficient 
hydrogen ions are available? Schonbauer ° answered definitely in the 
affirmative, while Knott concluded that in comparison with the action 
of free hydrochloric acid, the peptic activity of gastric juice is seemingly 
unimportant. The latter view is also upheld in the work of Arnold 
and his associates, who found that the gastric acidity is directly 
responsible and is the major factor in determining the efficacy of the 
gastric barrier. , 

To study the point further we tested both the bactericidal action and 
The py values 
For the estimation of pepsin in the gastric 


the peptic activity of ten samples of gastric contents. 
were also determined. 


filtrates the edestin method was used. Table 5 contains the results of 


5.—Summary of the Bactericidal Propertics of Ten Gastric Filtrates 


and Their Peptic d {ctivity 


T ABLE 


Growth 


After 
15 Min. 


Filtrate 
Number 30 


0 
0 
0 


After 
Min. 


After 
60 Min 


After 
120 Min. 


0 0 


0 
0 0 


Pepsin : 
Gastrie Ju 


70.80 


70.78 


20.74 


10.06 


70.89 
70.10 
1.80 

2.00) 


1 
1 
1 
1 
1:0.80 
1 
1 
1 
l 
] 


( 
( 
{ ( 
{ 
{ 


72.00 
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* The figures indicate the relative values of pepsin in the standard control, as 1, : 


amount found in the gastrie juice. 


this series of tests, and it is readily seen that the results parallel those 
obtained with the original fifty specimens. Specimen 54 is worthy of 
some note. The py of this specimen was 3.5. 
complete inhibition would have been expected in this case as in all others 
Actually, the inhibition became 


From the previous figures, 


in which there was a similar py value. 
manifest only after one hundred and twenty minutes of incubation. 
A glance at the table indicates, however, that this specimen showed peptic 
activity approximating only 5 to 10 per cent of the amount found in 
the other specimens. No broad conclusions can be drawn, but continued 


studies along this line are suggested by these observations. 


COMMENT 


It is possible that in the human body the infectivity of dysentery 
organisms is determined primarily by the degree of acidity in the stomach 
at the time of their ingestion. In the normal state, psychic and chemical 


6. Schonbauer, cited by Bartle and Harkins.® 
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stimuli determine the amount of gastric secretion. The curve for fasting 
and postprandial acid is an additional factor. In pathologic states there 
may be complete anacidity or a py concentration above the level which 
will completely inhibit or kill the dysentery organism. The mechanical 
protective action against the bacilli offered by food, the emptying time 
of the stomach and the point in the digestive cycle at which the 
organisms enter the stomach are undetermined factors which must 
influence any deductions that may be drawn from our studies. 


CONCLUSIONS 

1. Filtered human gastric juice is bactericidal for the Sonne-Duval 
(D) strain of B. dysenteriae when the py is approximately 5.5 or less. 

2. Similar action is demonstrable with acid solutions having py values 
of 4.5 or less. 

3. The addition of pepsin to buffer acid solutions impedes their bac- 
tericidal effect. 

4. From the limited series presented it may be inferred that the 
hydrogen ion concentration is chiefly responsible for the bactericidal 
action of gastric juice in the case of B. dysenteriae. 


The possible application of these observations to the infectivity 


a 
of B. dysenteriae in human beings is suggested. 
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STUDIES IN EXOPHTHALMIC GOITER 


ITS INCIDENCE THROUGHOUT THE UNITED STATES 


MARION READ, M.D. 


SAN FRANCISCO 


More than a century of study and treatment of exophthalmic goiter 


_has failed to reveal its cause. The internist, the surgeon and _ the 


roentgenologist have each made contributions to the clinical knowledge 
of this disease, chiefly in the field of therapy. But the advances which 
have refined their therapy were born necessarily of empiricism. These 
advances, moreover, although extensively applied and wisely evaluated, 
have yielded no clue as to etiology. The surgeon and the pathologist 
have joined forces to lift the veil of mystery from this disease. The 
physiologist and the biochemist have lent their aid. Yet the etiology 
of exophthalmic goiter is still unknown. The statement is as true today 
as it was in 1883, when said by Pierre Marie of this strange malady, 
“There are in pathogenesis, as in therapy, many theories but little 
truth.” 

Pursuit of the etiology of exophalmic goiter has been hampered 
because this disease neither occurs spontaneously in animals nor can 
be reproduced experimentally in its entirety. Recently, however, there 
has been made in the experimental field some progress which gives 
promise of advancing the knowledge of its pathogenesis. 

From an etiologic point of view it is surprising that after one 
hundred years so little is known positively about the conditions which 
favor the development of this disease. It has been stated that exoph- 
thalmic goiter, like certain neuroses, affects only civilized man, and 
also that some human races are immune to it. Probably these state- 
ments are only half-truths. Twenty-one years ago Robert McCarrison ’ 
wrote: 

We know little of the climatic or geographical distribution of exophthalmic 
goiter, of the influence of race, of season, of altitude, of its prevalence in town or 
country, of its incidence among the rich and poor. It is stated to be more common 
at the sea-coast than inland, but this is an impression only. It is, however, very 
rare in regions where goiter is endemic. 


Conflicting statements as to the role played by the thyroid gland 
in this disease are found in the literature. Life-long students of diseases 


Supported in part by a grant from the Rockefeller Fluid Research Fund. 
From the Department of Medicine of Stanford University Medical School. 
1. McCarrison, R.: The Thyroid Gland in Health and Disease, London, 
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Bailliére, Tindall & Cox, 1917, p. 195. 





72 ARCHIVES OF INTERNAL MEDICINE 


of the thyroid express diametrically opposed opinions as to the relation 
of endemic goiter to so-called exophthalmic goiter. Besides McCarrison, 
already quoted, Bircher * von Mueller,* Kocher,‘ Berry,’ Aschoff ® and 
others have stated that exophthalmic goiter is just as common in goiter- 
free districts as it is in regions where goiter is endemic. On the other 
hand, Crotti in this country, Feldman in Germany, Vomela in Mon- 
rovia* and other investigators have stated that they find toxic goiter 
much more frequent in districts of endemic goiter. The most recent 
report on this disputed question is a statistical study made by Sall- 
stroém,* who found that in Sweden, at least, toxic and endemic goiter 
are unrelated as to incidence. 

More pertinent to physicians in this country, and to this report, 
is the work of McClendon and Hathaway,® who in 1924 reached a 
conclusion just opposite to that of Sallstrom. They published the results 
of analyses of food and water from various parts of the United States, 
constructing a map which showed the iodine-rich and iodine-poor sec- 
tions of the country. They also published maps showing the incidence 
of simple goiter and of exophthalmic goiter, based on data from the 
United States Army Draft Board. The similarity in the maps led the 
authors to claim: “We consider that we have proved statistically that 
both simple and exophthalmic goiter in the United States are caused 
by iodine starvation.” 


That this startling statement has been accepted without question 
by some investigators is revealed by a recent concurring reference '° to 
the work of McClendon and Hathaway. Their sweeping conclusion, 
nevertheless, is open to criticism on several grounds. From a statistical 
point of view alone, the sampling seems inadequate, because their data 
were derived from a relatively small population which is exclusively 


2. Bircher, cited by McCarrison.1 

3. von Mueller, F.: Problems of Endemic Goiter, Ann. Int. Med. 10:1617 
(May) 1937. 

4. Kocher, T., cited by von Mueller.® 

5. Berry, J.: Diseases of the Thyroid Gland and Their Surgical Treatment, 
London, J. & A. Churchill, 1901, p. 177. 

6. Aschoff, L.: Ueber das Vorkommen der Basedow-Schilddriise in Japan, 
Miinchen. med. Wchnschr. 81:902 (June 15) 1934. 

7. Cited in Comparative Geography of Thyrotoxicosis, editorial, J. A. M. A. 
106:216 (Jan. 18) 1936. 

8. Sallstr6m, T.: Vorkommen und Verbreitung der Thyrotoxicosis in 
Schweden, Stockholm, 1935. 

9. McClendon, J. F., and Hathaway, J. C.: Inverse Ratio Between Iodine in 
Food and Drink and Goiter, Simple and Exophthalmic, J. A. M. A. 82:1668 (May 
24) 1924. 

10. McClure, R. D.: The Incidence of Operations for Goiter in Southern Michi- 
gan: Effect of Iodized Salt After Twelve Years’ General Use, J. A. M. A. 109: 
782 (Sept. 4) 1937. 
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male and which is limited as to age. Also it seems unlikely that exoph- 
thalmic goiter in this country differs from the same disease elsewhere 
in the world, and certainly it has long been recognized that exophthalmic 
goiter (Graves’s disease, Basedow’s disease, Flajani’s disease, etc.) is 
not confined to goitrous areas.'' It is encountered in every land and 
clime and in practically every race. These general impressions should 
be supplemented, however, by more exact knowledge of the influence 
of racial, geographic, geologic and climatic factors’? as well as of 
other environmental influences on the incidence of the disease. Sta- 
tistical studies have yielded valuable information about other diseases, 
and it seems possible that this method of approach to exophthalmic 
goiter might aid in attaining a better understanding of the etiology 
of this disease. 

The United States affords a suitable sample area for the study of 
some of the factors mentioned. It contains about one thirteenth of the 
earth’s population, embraces two long coast lines, two great mountain 
chains, large rivers and inland valleys, desert areas and great lakes. 
It includes at least two goitrous regions. Its white population is as 
cosmopolitan as that of any similar large area, It has a small native 
Indian population and a moderate number of Orientals, and about one 
tenth of its total population is Negro. This racial variety makes possible 
the investigation of other aspects of the problem, on which I shall 
report at a later date. 

ENDEMIC GOITER 


In beginning a study of exophthalmic goiter, it seems advisable in 


this first report to ascertain as exactly as possible the respective inci- 
dences of endemic and of so-called exophthalmic goiter in the United 
States. A fairly accurate estimate of the distribution of endemic goiter 
is gained from Olesen’s ** data, published by the United States Public 
Health Service in 1929. From these was constructed figure 1, which 


shows the incidence of simple goiter throughout the country. 


EXOPHTHALMIC GOITER 


For the reasons already given, draft statistics do not furnish ade- 
quate figures for estimating the frequency of exophthalmic goiter. 
Therefore, to ascertain the incidence of this disease I sent 1,300 ques- 
tionnaires to the larger hospitals of the country to inquire, among other 


11. Comparative Geography of Thyrotoxicosis, editorial, J. A. M. A. 106:216 
(Jan. 18) 1936. 

12. Mills, C. A.: Climate as a Potential Factor in the Etiology of Exophthalmic 
Goiter and Other Metabolic Diseases, Endocrinology 16:52 (Jan.-Feb.) 1932. 

13. Olesen, R.: Distribution of Endemic Goiter in the United States as Shown 
by Thyroid Surveys, Pub. Health Rep. 44:1463 (June 21) 1929. 





74 ARCHIVES OF INTERNAL MEDICINE 


things, the total admissions for the preceding ten years and the number 
of cases of conditions diagnosed as exophthalmic goiter, hyperthyroid- 
ism, etc. Over four hundred hospitals sent the data requested. While 
I realize that this method involves the diagnostic errors inherent in 
every survey for morbidity or mortality, as well as other inaccuracies 
(some of which counterbalance), nevertheless by large geographic 
grouping there is obtained as fair an estimate of the incidence of exoph- 
thalmic goiter in the United States as has yet been reported. 

The result of this survey for morbidity is shown in table 1 and in 
figure 2. It will be seen from the table that the mean incidence of 


Tasie 1.—ZJncidence of Exophthalmic Goiter in the United States * 














Patients yith 
Number Exophthalmie 
Num- of Total Goiter 
ber Hospitals Hospital -—————~ — 
of Report- Admis- Per 
Region States Included States ing sions Number centage centage 


North Conn., Maine, Mass., 9 114 5,564,383 27,609 0.19 
Atlantic N. H., N. J., N. Y-. Pa., 

R. I., Vt. 
North Ill, Ind., Iowa, Mich., 3,507,843 27,011 
Central Minn., Neb., N. D., Ohio, 

8. D., Wis. 
Southern Ala., Ark., Fla., Ga., La., 2 ‘ 1,878,000 4,884 

Miss., N. C., Okla., 8. C., 

Tenn., Texas, Va. 
Border Del., D. C., Kan., Ky., Md., 5 1,213,308 7,188 
States Mo., va. 
Rocky Colo., Idaho, Mont., 5 23 317,643 2,800 
Mountain N. Mex., Utah, Wyo. 
Pacific Ore., Wash. p 285,32 4,711 0.48 
Northwest 
Pacific Ariz., Calif., Nev. : 3 1,328,516 5,316 0.19 
Southwest . want as ibamcnant . 
14,095,030 

0.26 





* Figures in the last column, taken from the United States Mortality Reports, are given 
for comparison. 


exophthalmic goiter in 14,000,000 hospital admissions was 0.57 per 
cent. I am under no delusions regarding the accuracy of this figure, 
and realize that it can be only an approximation. From the nature of 
this survey it was impossible to eliminate the error caused by readmis- 
sion of the same patient. The slight increase due to this statistical 
error is probably counterbalanced by failure to diagnose the condition 
correctly when it occurred in some of its more obscure forms. In 
general, however, the figure for percentage incidence of exophthalmic 
goiter would seem to be slightly more accurate than that for other 
diseases more difficult to diagnose. 

As an independent check on my data I constructed another map 
(fig. 3) from the United States Mortality Statistics for the thirteen 
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Fig. 1.—Incidence of simple goiter in the United States. This map is a 
composite of (1) Olesen’s 1% map based on over two and a half million examinations 
of men for military service and (2) a map constructed from Olesen’s 1% collection 
of various surveys, made chiefly in schools, State and geographic boundaries 
seldom coincide, and the sharp distinctions are artificial, but an approximation of 
the relative frequency of endemic goiter is obtained. Arkansas, Georgia, South 
Carolina and Florida had incidences too low to rate even one line on the scale 
used here. The lines showing mortality are at right angles to those representing 
morbidity, so that when superimposed photographically each state appears cross 
hatched. 


Fig. 2.—Morbidity from exophthalmic goiter in the United States, based on 
reports of four hundred and forty-two hospitals in forty-eight states and the 
District of Columbia. The majority of reports covered the decade from 1925 to 
1934. 
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years 1920 to 1932. Since 1920, deaths from exophthalmic goiter have 
been reported for the Registration Area, which also since that time 
has included most of continental United States. The similarity in the 
maps representing morbidity and mortality is evident, but to obtain a 
truer picture of the incidence of exophthalmic goiter in the different 
regions of this country the two maps were combined by photographic 
superposition to make figure 4. 

By comparing figure 1 with figure 4, one can see the relative inci- 
dence of endemic and exophthalmic goiter. While there is a general 
similarity between the two maps, it is apparent that exophthalmic 
goiter occurs with greater uniformity throughout the country than does 
simple or endemic goiter. These maps show a greater tendency for 


Fig. 3.—Mortality from exophthalmic goiter, based on figures published in the 
United States Mortality Reports from 1920 to 1932, inclusive. Since the state 
of Texas is not in the registration area, only the data from several registration 
cities in Texas are shown. 


the exophthalmic form to occur where endemic goiter is prevalent, but 
they do not support the conclusion of McClendon and Hathaway ° that 
the two types have a common cause. The occurrence of an appreciable 
amount of exophthalmic goiter along the whole Atlantic seaboard, as 
previously reported by Crotti,’* and throughout the South, regions 
where goitrous districts are few and small, would indicate that factors 
other than those which operate to produce simple goiter are operative 
in the production of exophthalmic goiter. 

The records of the United States Veterans’ Administration pre- 


sented an opportunity of testing the’ reliability of the figure 0.57 per 


14. Crotti, A.: Thyroid and Thymus, Philadelphia, Lea & Febiger, 1922, p. 245. 
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cent as the incidence of exophthalmic goiter in persons discharged from 
hospitals throughout the country. The figures,’® which were not included 
in my data for reasons already given, show that the incidence of this dis- 
ease was 0.39 per cent among 541,430 discharged patients, almost all of 
whom were men between the ages of 35 and 60 years. I assume that the 
accuracy of this figure is somewhat greater than the one I report because 
of greater diagnostic facilities, longer opportunity for observation, uni- 
form nomenclature and other advantages which obtain in the veterans’ 
hospitals. It is to be expected that an incidence of 0.39 per cent among 
the veterans would be less than the one of 0.57 per cent which I obtained 
for the whole population, since exophthalmic goiter is known to occur 
about four times more often in women than in men. 




















Fig. 4.—Incidence of exophthalmic goiter in the United States. This is a 


composite of figures 2 and 3, the cross hatching being produced in the same 


manner as that in figure 1. 


HIGH, UNIFORM INCIDENCE IN CITIES 

Table 2 shows the incidence of exophthalmic goiter in some of the 
large cities according to my survey. In every case the average for the 
cities in an area exceeded the average for the whole geographic area 
in which they lie. Naturally, large urban communities will attract a 
certain number of patients because of the hospital facilities for treat- 
ment, especially for surgical treatment, which they afford. This may 
explain the high incidence (of 0.84 per cent) for Boston, where a 
majority of the patients with toxic goiter in New England are referred. 
Sut it does not explain why such widely separated cities as Philadelphia, 


15. Griffith, C. M., Medical Director, Veterans’ Administration, Washington: 
Personal communication to the author. 
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Chicago, St. Louis and Minneapolis should have hospital admission 
rates of from 0.88 to 0.99 per cent for exophthalmic goiter. Only two 
of these cities are located in goitrous districts. It is thus seen that 
when data from large urban communities are compared, exophthalmic 
goiter is as frequent in the areas where goiter is not endemic as in 
those where it is endemic. 

A greater incidence of thyrotoxicosis in large cities was found by 
Sallstrom * to occur also in Sweden. That this was true even before 
thyroidectomy in urban hospitals became the treatment of choice is 
supported by a bit of evidence published in 1878. At the twenty-eighth 
annual meeting of the Illinois Medical Society, Earl ’® summarized the 
experience of thirty-six physicians in respect to exophthalmic goiter, and 
it is clear that the incidence was greater in cities. 


TABLE 2.—Morbidity from Exophthalmic Goiter in Cities in Which Five or 
More Hospitals Were Included in Survey 








No. of Exoph- No. of Exoph- 
Hospi- _thalmic Hospi-  thalmic 
tals Goiter, tals Goiter, 
in Per- in Per- 
Survey centage ‘ity Survey centage 


Boston bd 6 0.84 Chicago 1 0.88 


New York..... ; 0.36 Milwaukee... . 1,42 
rise. pee : , Dist castes Sauces 0.97 
BroGkwa... 50. .050.6.0 ; 0.51 Minneapoli Mead 


Philadelphia. . . : : 0.90 Mean for North Central cit‘es..... 0.98 
Washington............. § 0.47 

7 ws ‘ - Pittsburgh 0.68 

Baltimore ‘ NE a hic nine bs 0.99 

. ae aaa Los Angeles........ } 0.56 

Mean for Atlantic Coast cities..... 0.52 Sen Sodustess 0.38 





COMMENT 


The data presented here show that exophthalmic goiter occurs in 
every part of the United States, although it is encountered more fre- 
quently in districts where goiter is endemic. Simple goiter is confined 
chiefly to the large regions in which goiter is endemic. On the basis 
of these incidences it appears that the two types of goiter have different 
causes. 

The high and almost uniform occurrence of exophthalmic goiter in 
large cities indicates that some of its etiologic factors are related to 
conditions of urban existence. It has been suggested that the nervous 
strain of modern industrial and commercial civilization is a precipitating 
factor. Many students of this malady claim that its occurrence is 
definitely more frequent among civilized peoples. The excitement, 


16. Earl, C. W.: Graves’ Disease: Its Frequency in Illinois, with a Brief Con- 
sideration of Its Recent Pathology and Treatment, Tr. Illinois M. Soc. 28:63, 1878. 
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activity and constant alertness required for survival in the modern 
civilized world have been named as potent etiologic factors. Exoph- 
thalmic goiter is believed to be a disease which may lie latent in a person 
living in a natural or sheltered environment, but which will develop 
under the stress of anxiety and fear. If this is true, it may explain why 
there is more exophthalmic goiter where there is concentration of 
population in cities, with a highly competitive struggle for existence 
which does not vary greatly from city to city. 


SUMMARY 
Statistical studies of the comparative incidences of endemic goiter 
and exophthalmic goiter in the United States are presented. These 
show that the latter occurs more uniformly throughout the country, even 


being present in regions where endemic goiter is unknown, which indi- 


cates that the two types of goiter are etiologically unrelated. 
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If cancer of the lung is to be diagnosed at a time when it will still 
be amenable to some therapeutic measure, it must be diagnosed early. 
Meakins * has defined a case of early cancer of the lung as one in which 
“the original tumour is still localized and has not as yet involved either 
the peribronchial and mediastinal glands or any other adjacent struc- 
tures, and before extensive pulmonary, pleural, or distant metastases 
have occurred.” A neoplasm of the bronchial tree, beginning as an 
invasion of a relatively small part of the bronchial structure, must first 
produce irritation, erosion, hemorrhage, pressure, infection or obstruc- 
tion before gross symptoms referable to the thorax will be elicited. 
The primary growth in such instances will rarely cause pain in the 
early stages. “The early diagnosis depends on a careful consideration 
of what often appear to be trivial symptoms.” 

At present, when cough seems to be habitual with the average 
person, every patient with a cough cannot be looked on with suspicion 
as having neoplasm of the lung. But when the cough habit peculiar to 
a person changes and is accompanied by tightness in the lower sternal 
region, wheezing or a change in the character of the breathing, that 
patient, if he is of “cancer age,” should be suspected of having neo- 
plasm of the lung until this condition is definitely ruled out. The 
solution of the problem of bronchogenic carcinoma in large measure 
depends on early recognition of the growth. The incidence of car- 
cinoma of the lung is believed to be increasing, but whether the increased 
number of cases reported in the literature indicates a real increase is 
still debatable. 

It is our object in this communication to present, first, a group of 
patients with a history of thoracic symptoms of less than one month’s 


duration and, second, a group of patients without thoracic symptoms 
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for whom a final diagnosis of carcinoma of the lung was made. On 
the basis of these cases the earliest manifestations of the disease will 
be emphasized. 

The material for this paper was taken from the case records of 
patients admitted to the Jewish Hospital of Brooklyn between 1917 
and 1936, inclusive. In this period there were admitted 170 patients 
with carcinoma of the lung, 47 of whom were free from thoracic 
symptoms until about one month before admission and another 13 of 
whom gave no history referable to the thorax. It is the latter group 
of 60 patients which forms the basis of this study. The patients to 
be presented fall into three groups: 

1. Those patients for whom the diagnosis was made from the 
history, clinical course and roentgen studies (25 cases). 


2. Those for whom the diagnosis was also confirmed by broncho- 


scopic examination, biopsy (of tissue removed at bronchoscopic exam- 
| ps} 


ination and of a lymph node), puncture of the lung or the presence of 
malignant cells in the sputum, in the expectorated tissue or in the 
pleural fluid (22 cases). 

3. Those for whom the diagnosis was further confirmed by necropsy 
studies (13 cases). 

ETIOLOGY 

Numerous theories have been advanced as to the bearing of inhala- 
tion of dusts or of tar from roads as a possible etiologic factor in 
carcinoma of the lung. No evidence of any such connection has ever 
been proved. Nor have tuberculosis, influenza, tobacco and war gases 
been shown to be etiologic agents. Rostoski,? in a survey of pulmonary 
cancer among miners of Schneeberg, in Bavaria, found that in the 
drilling of the hard rock in these mines, great quantities of dust are 
produced which is somewhat radioactive and which is composed of 
minute sharply angled particles. The arsenic content of this dust is 
0.45 per cent. Schmorl* likewise reported a study of 154 miners of 
this district for cancer of the lung. He found that in 13 of 21 fatal 
cases the diagnosis of carcinoma of the lung was substantiated by 
necropsy. Rostoski stated, “We have never seen a Schneeberg tumor 
of the lung without an accompanying pneumoconiosis.” This does not 
imply that pneumonoconiosis is the cause of the neoplasm. Recently 
Kennaway and Kennaway * have shown that the factors which lead to 


2. Rostoski, O.: Clinical and Radiological Study of Schneeberg Lung 
Cancer, in Report of the International Conference on Cancer, Baltimore, William 
Wood & Company, 1928, p. 269. 

3. Schmorl, G.: Ueber den Schneeberger Lungenkrebes, Verhandl. d. deutsch. 
path. Gesellsch. 19:192-196, 1923. 

4. Kennaway, N. M., and Kennaway, E. L.: A Study of the Incidence of 
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silicosis appear not to be active in the production of cancer of the lung. 
They also have shown that in certain open air occupations in which there 
is exposure to the dusts of the road, the percentage of cases of carcinoma 
of the lung was high, whereas drivers of motorcars had a normal inci- 
dence. In this study they also showed that workers exposed to coal 
gas and tar tend to have a higher incidence of cancer of the lung. 
Since the publication of Adler’s* monograph on the subject of car- 
cinoma of the lung (1912), in which he ‘presented 6 cases of post- 
traumatic carcinoma, considerable controversy has arisen. Weller ° 
has emphasized that a single external trauma cannot be held responsible 
for the development of pulmonary cancer. He stated that Aufrecht 
concluded that severe trauma which does not produce laceration of the 
pulmonary tissue but only molecular disturbance of an unknown char- 
acter is an important immediate cause of pulmonary cancer. 

In the cases presented in this paper, no particular occupation or 
type of work appeared to be concerned. The industries and occupations 


Number and Percentage of Cases 








represented constituted a cross section of the type of work carried on 
in the community at large. 


AGE AND SEX INCIDENCE 

Like cancer in the other parts of the body, cancer of the lung gener- 
ally attacks persons over 40 years of age, although a number of cases 
have been reported in patients between 20 and 30 years of age. It has 
been encountered in rare instances in patients under 20 years of age. 
Beardsley * has reported on the youngest patient, a child of 16 months, 


with primary carcinoma of the lung. Arkin and Wagner,’ in a series 


5. Adler, I.: Primary Malignant Growths of the Lungs and Bronchi, New 
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of 135 patients, found that 43.7 per cent were in the 51 to 60 year 
group and 72 per cent in the 41 to 60 year group. 

In the present study the youngest patient was a man aged 30 years, 
and the oldest was a woman aged 75 years. The age-sex incidence in 
our series of cases is shown in the accompanying table. There were 49 
patients between the ages of 45 and 65 years, an incidence during this 
twenty year span of life of 81.7 per cent. There were only 6 patients 
between 30 and 43 years of age (an age incidence of 10 per cent) and 
5 patients between 66 and 75 years (an age incidence of 8.3 per 
cent ). 

All observers seem to agree that the disease occurs more frequently 
amongst males. Moses,’ in a study of 287 patients at Kings County 
Hospital, found 204 males and 83 females, 70 per cent of his series 


0 


being males. Edwards,'® in a series of 73 patients, found 53 males, an 
incidence of 72.6 per cent. In our series there were 47 (78.3 per cent) 


men and 13 (21.7 per cent) women. 


SIGNS AND SYMPTOMS 


There are no symptoms pathognomonic of carcinoma of the lung. 
It is a common mistaken belief that the disease always causes symp- 
toms referable to the thorax. Thirteen (21.7 per cent) of the patients 
included in this study gave no history of symptoms referable to the 
chest. Arkin and Wagner, in a comprehensive study of 135 cases of 
pulmonary carcinoma, noted that in 51 per cent of the patients the 
signs and symptoms were predominantly outside the lungs and that in 
only 49 per cent were the symptoms largely thoracic. Rogers,’' in a 
survey of 50 patients, found that 44 per cent gave as their first symp- 
tom one that was not connected with the chest and that 12 per cent went 
through the entire course of illness without pulmonary symptoms. 
Jaffé,’? in a review of 100 patients with carcinoma of the lung coming 
to autopsy observed that 24 (24 per cent) gave no history of symptoms 
pointing to an intrathoracic lesion. Of equally great importance is the 
fact that the character of the onset is so variable. The onset may be 
insidious, simulating that of prolonged bronchitis or gastric disturbance, 
or it may be acute, simulating an acute pneumonic process. The disease 


not infrequently is chronic and progressive, with epigastric distress, 
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nausea, constipation and other symptoms. Formerly it was believed that 
such symptoms appeared late and were the result of metastasis. While 
they do occur in the late stages, they are not necessarily the result of 
spread of the neoplastic process. The local irritative process of a 
foreign body (the neoplasm) may cause an irritative cough, episodes of 
infection within the lung may cause repeated attacks of “pneumonia” 
or as a result of local pressure on a nerve (vagus or phrenic) in the 
region of the hilus, there may be symptoms which are manifestly intra- 
abdominal. These symptoms may appear jointly or independent of 
each other and may therefore be misleading as to the site of origin. It 
is particularly the patient with the latter group of symptoms who is 
neglected. The clinician who investigates a patient for an intra- 
abdominal pathologic condition and fails to find any or not enough 
evidence to be commensurate with the complaints should not neglect to 
examine the thorax carefully. 

Of the 47 patients in whom thoracic symptoms were present on 
entry, cough was present in 43 (91.5 per cent); pain in the chest, in 
27 (57.7 per cent); expectoration, in 21 (44.7 per cent) ; dyspnea, in 
20 (42.5 per cent) ; loss of weight, in 20 (42.5 per cent) ; hemoptysis 
and/or blood-streaked sputum, in 19 (40.4 per cent) ; asthmatic wheez- 
ing, in 16 (34 per cent); malaise in 14 (29.8 per cent); epigastric 
distress and substernal discomfort, in 13 (26.8 per cent) ; anorexia, in 
13 (26.8 per cent) ; a temperature above 100.5 F., in 9 (19.1 per cent) ; 
night sweats, in 9 (19.1 per cent); hoarseness, in 7 (14.8 per cent) ; 
pain in the neck, shoulder and/or arm, in 7 (14.8 per cent) ; pain in the 
sacroiliac region, in 6 (12.7 per cent), and nausea and vomiting in 4 
(8.5 per cent). 

In the 13 cases in which there were no thoracic symptoms the most 
frequent complaints were, in the order of their frequency, as follows: 
epigastric distress in 7 (53.9 per cent), anorexia in 7 (53.9 per cent), 
nausea and vomiting in 6 (46.2 per cent), malaise in 5 (38.5 per 
cent), loss of weight in 4 (30.8 per cent), constipation in 4 (30.8 
per cent) and aphasia in 2 (15.4 per cent). These symptoms were 
progressive and did not yield to the usual symptomatic therapy. The 
cause of these abdominal complaints and symptoms could not be 
explained on the basis of an abdominal investigation. Epigastric dis- 
tress sooner or later became manifest in 10 (77 per cent) of the 
patients. This was particularly true when the left side was involved 
and when the primary neoplastic focus was basal. In this group of 
patients the duration of the symptoms before the diagnosis was made 
varied from three weeks to five years, and in every instance the patient 
sought medical advice before admission to the hospital. In more than 
half the cases the patient was treated, without relief, for over a year 
for a supposedly obscure intra-abdominal condition. 
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A statistical analysis of the symptoms which the patient showed when 
admitted to the hospital is, in our opinion, not as satisfactory as the 
general impression gained from an analysis of the train of symptoms 
which each patient had had up to the time of admission to the hospital. 
One fact stands out boldly—the general well-being of each patient, 
in spite of his condition and complaints. The character of the onset is 
of the utmost importance. In some instances the symptoms were 
ushered in insidiously with a protracted cough, tightness in the lower 
portion of the chest, expectoration and wheezing—all of which failed 
to respond to symptomatic therapy. In the occasional case there was 
relief for a short time; after which all the symptoms recurred and were 
accompanied by various degrees of constant pain in the chest, malaise 
and loss of weight. In other instances the symptoms were ushered in 
acutely, with chills, fever, cough and expectoration lasting for several 
days, leaving the patient prostrated and unable to recover his former 
virility. Frequently the cough would become more disturbing, the weak- 
ness progressive and the expectoration bloody, or the patient would have 
frank hemoptysis. The textbook sign of “currant jelly sputum” in 
carcinoma of the lung was the exception rather than the rule. Not 
infrequently the patient would point to the midsternal region and com- 
plain of “something there” which would not allow him to take a deep 
breath. In addition to these findings, the clinical picture often tended 
to be confused by the fact that the patient complained of epigastric 
distress, nausea, vomiting after meals, headache, constipation, aphasia, 
swelling of the ankles and dysuria. Or the latter train of symptoms 
would develop without any symptoms referable to the thorax. In the 13 
cases in which there were no thoracic symptoms, the first symptoms 
which brought the patient to the physician for medical aid were anorexia, 
epigastric distress, nausea and vomiting, malaise, loss of weight, con- 
stipation, aphasia, edema of the ankles, pruritis, prolapsed hemorrhoids 
and jaundice. In these cases, because of the resistance to symptomatic 


treatment and the progressive weakness with ill defined paroxysmal 


dyspnea or prolonged symptoms referable to the upper portion of the 
abdomen, a routine roentgen examination of the thorax gave the first 
clue to the unexpected diagnosis of carcinoma of the lung. 

In this series of 60 cases there were 13 instances of neoplasm of 
the bronchus of the lower lobe in which epigastric distress was most 
disturbing to the patient and was his chief complaint on admission to 
the hospital. In 9 of these cases the lesion was on the left side, whereas 
in only 4 cases was it on the right side. When it was on the left side, 
the complaints referable to the upper portion of the abdomen appeared 
more severe, came on earlier and were of longer duration than when the 
neoplasm was on the right side. 
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PULMONARY SIGNS 

In the early stages the physical findings are extremely variable, 
ranging from none to a few indefinite signs, which vary further with 
the location and the size of the primary growth. In this connection 
three locations must be recognized: (1) hilar, (2) parenchymal and (3) 
peripheral. The hilar location in the early stages may cause some 
unilateral impairment, noted on percussion posteriorly in the region 
between the fifth and the eighth dorsal vertebra. This, however, is 
difficult to elicit, especially on the left side. The breath sounds in this 
region may have a tubular, asthmatoid character, owing to partial 
obstruction of the bronchus or retention of bronchial secretions. In the 
lobe supplied by the bronchus containing the growth there may be heard 
a prolonged expiratory sound, occasionally accompanied by fine crackling 
rales. In the parenchymal type, percussion may show no changes, 
because of the surrounding normal or emphysematous lung. The breath 
sounds, however, are somewhat suppressed in the area of the growth 
and may have a distant tubular quality. In the peripheral type there is 
usually impairment of percussion at the site of the growth, with some- 
what distant breath sounds. Since in these cases fluid frequently 
develops, signs of an encapsulated hydrothorax may be elicited. 

However, in a number of cases no signs are elicited in the early 
stages, but from the history and clinical course one is led to believe that 
a neoplasm may be present. Such a case must be investigated further 


to prove or rule out the presence of a neoplasm. The persistence of an 


area of impaired percussion with depressed breath sounds or cornage, in 
the absence of recent infection of the respiratory tract, should be con- 
sidered as due to carcinoma until proved otherwise. The signs and 
symptoms are generally not sufficient to warrant a definite diagnosis 
of the disease but only indicate the possibility of its presence. It is 
then necessary for the clinician to persist in his investigation of the case 
until a final diagnosis is reached. Granted that the findings of a careful 
physical examination of the chest by an experienced clinician may lead to 
the suspicion of a carcinoma of the bronchus, the diagnosis cannot be 
made without such accessory methods as roentgenographic examination, 
bronchoscopic examination and microscopic examination of representa- 
tive tissue removed at the time of the bronchoscopic examination. 
Roentgen examination at an early stage will show minimal changes. 
In fact, in the earliest stages there are no appreciable roentgenographic 
changes. In cases in which the growth is still local and early, the changes 
vary with the location of the neoplasm. In the hilar type there may be 
unilateral opacity in the region between the fifth and the eighth dorsal 
vertebra which is either crescentic, with its convexity toward the lung 
on the side of the neoplasm, or triangular, with the base toward that 
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side. Occasionally some reactionary pneumonitis is also seen about the 
opacity. In the parenchymal type there is a distinct ovoid or spherical 
area in the pulmonary tissue with a relatively even border. At times, 
strands of infiltrated tissue lead from the growth. Carman '® said he 
believed this to be pathognomonic of carcinoma of the lung. In the 
peripheral type there is a solitary opacity, usually in the axillary region, 
which is triangular, with the apex pointing into the pulmonary tissue. 
Since in these cases fluid develops relatively early, localized hydrothorax 
may also be present and may partly obscure the primary growth. When 
the diagnosis is uncertain the fluid should be removed, and then a 
roentgen examination should be made. At the same time a small 
pneumothorax may be induced which will act as a contrast medium 
and will also replace the opacity of the fluid. 

A single anteroposterior or posteroanterior roentgenographic study 
is valueless in the demonstration of the presence of an early neoplasm. 
Oblique and lateral roentgenograms must also be made so as to permit 
visualization of the pulmonary field from every possible angle. Many 
roentgenologists believe that stereoscopic roentgen studies are the only 
means whereby one can locate early carcinoma of the lung. 

As an adjuvant to any of these methods of roentgen study, broncho- 
graphic examination is frequently of aid in locating the site of the 
lesion. Such studies reveal a relatively small growth as a filling defect 
in the bronchial wall or as partial bronchostenosis, owing to the encroach- 
ment of the growth on the lumen of the bronchus. 

Bronchoscopic study and biopsy of tissue removed bronchoscopically 
are of the utmost importance in the early diagnosis of carcinoma of the 
lung and constitute the greatest aid available at present for the early 
establishment of the diagnosis. A competent bronchoscopist can directly 
inspect and remove for pathologic studies a small growth which is pro- 
ducing minimal symptoms and no roentgen changes. Bronchoscopic 
examination may lead to the suspicion of a malignant growth, but the 
final diagnosis rests on the pathologic study of the tissue removed at 
the time of the bronchoscopic examination. Jackson and Konzelmann,"* 
in an excellent study on the bronchoscopic observations in carcinoma 
of the lung, stated that they had been able to make the diagnosis in over 
75 per cent of their cases. They also added: 

Many of the cases in which biopsy is not possible at the first bronchoscopy 
will later show endobronchial intrusion; though the surgeon should not wait for 


this if consent is given for exploratory thoracotomy. Even in cases where biopsy 


13. Carman, R. D.: Primary Cancer of the Lung from the Roentgenologic 
Viewpoint, M. Clin. North America 5:307-355, 1921. 

14. Jackson, C. L., and Konzelmann, F. W.: Bronchial Carcinoma: Bron- 
choscopic Biopsy in a Series of Thirty-Two Cases, J. Thoracic Surg. 4:165-186, 
1934. 
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is not possible, bronchoscopic findings may be of definite diagnostic value 
Microscopic evidence of malignancy does not imply necessarily an extensive 
infiltrative tumor, and therefore the grading of bronchogenic carcinomas should 
be tempered by a knowledge of the bronchoscopic and roentgenographic findings. 
Biopsy studies are of great value, yet constitute but one of the important con- 
siderations in the diagnosis of bronchogenic tumors. Teamwork by the bronchos- 
copist, radiologist, and pathologist will accomplish a proper prognosis and guide 
the patient to the most beneficial form of treatment. 


An indefinite history, a few abnormal physical findings and a sus- 
picious roentgenogram are not sufficient evidence on which to condemn 
a patient as having carcinoma of the lung. They are, however, suff- 
cient muniments to necessitate the clinician’s further investigation of 
the case until he has established a satisfactory diagnosis. In the dif- 
ferential diagnosis the following conditions must be considered: abscess 
of the lung, actinomycosis of the lung, aortic aneurysm, atelectasis, 
benign tumor of the lung, bronchiectasis, bronchitis (chronic), cardio- 
vascular disease, tumor of the thoracic wall, congenital cystic disease 
of the lung, echinococcus cyst of the lung, endothelioma of the pleura, 
a foreign body in the bronchus, Hodgkin’s disease, infarct (pulmonary), 
interlobar effusion, lymphosarcoma (mediastinal), metastatic tumor of 
the lung, esophageal tumor, pericardial effusion, pneumonoconiosis, 
pneumonia (bronchopneumonia and lobar pneumonia) pleural effusion, 
sarcoma of the lung, tumor of the superior sulcus, syphilis of the lung, 


thymoma, intrathoracic thyroid gland, tuberculosis of the lung, varices 
and vicarious menstruation. 


REPORT OF CASES 

A group of exemplary cases is presented in each of which there were 

unusual clinical features or in which a diagnostic problem existed the 

solution of which was obtained by some accessory procedure and in 
some instances was further confirmed by necropsy. 


Cases 1 and 2 show the importance of bronchoscopic study and 
biopsy of tissue removed at bronchoscopic examination in the early 
recognition of bronchogenic carcinoma. 


Case 1.—M. H., aged 59 years, a trader, was admitted to the hospital on June 13, 
1932, because of cough and expectoration for three weeks. He had been in good 
health up to the time of the present illness except for an infection of the upper 
respiratory tract nine months prior to the present illness. During that illness 
he had a nonproductive cough which lasted approximately three weeks and 
which on one occasion was accompanied by blood-tinged sputum. Three weeks 
prior to entry he had a “cold,” which was relieved by symptomatic medication. 
The cough, however, did not entirely disappear, and two days before entry it 
suddenly became paroxysmal and was accompanied by bloody expectoration. At 
this time the patient began to experience more or less constant substernal dis- 
comfort and a sensation of pressure along the anterior costal margins. The 
temperature ranged between 99 and 100.5 F. There had been a loss of 3 pounds 
(1.3 Kg.) in the past three weeks. 
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The patient was well developed; he was slightly cyanotic about the lips and 
appeared fatigued. The chest was emphysematous and moved poorly with respira- 
tion. There was impairment to percussion at the base of the left lung posteriorly ; 
the remainder of the pulmonary fields were hyperresonant. The breath sounds 
at the base of the left lung were distant and bronchovesicular and were accom- 
panied by fine moist rales. The other systems were essentially normal. Study 
of the blood showed 11,600 white cells, with 70 per cent polymorphonuclears, 26 
per cent lymphocytes and 4 per cent mononuclears. The hemoglobin value was 
76 per cent, and the red blood cells totaled 4,000,000. Roentgenographic exami- 
nation of the chest showed bilateral infiltration of the hilus, with extension in 
the direction of the base. There was no evidence of a localized pathologic pul- 
monary lesion. 

The patient was discharged on June 22, with a diagnosis of chronic bronchitis. 
One month later, because of the persistence of the symptoms, he was readmitted. 
The physical findings, laboratory studies and roentgen examinations of the chest 
were essentially the same as at the previous admission. This time the patient 
was subjected to bronchoscopic examination. The right main bronchus was normal. 
In the left main bronchus there was a bilobed polypoid mass which extended into the 
upper part of the bronchus. The impression was gained that this growth was 
a malignant neoplasm. A specimen was taken for biopsy. The pathologist 
reported that the tissue showed papillary adenocarcinoma of the bronchus. 


Comment.—-A patient of “cancer age,” in whom there suddenly 


develops a persistent cough, whether accompanied by bloody expectora- 
tion or not, may have chronic bronchitis the etiology of which must be 
considered to be carcinoma of the bronchus until proved otherwise. This 
case shows the importance of bronchoscopic examination and biopsy of 
tissue removed bronchoscopically as further aids in establishing a 
diagnosis. 


Case 2.—E. A., a woman aged 66 years, was admitted to the hospital on 
Jan. 2, 1933, complaining of pain in the upper portion of the abdomen, painful 
cough and expectoration of six days’ duration. Two weeks prior to entry she 
began to cough, without apparent reason. The cough was hacking and unpro- 
ductive. It continued until six days before entry, when she began to have 
persistent sharp pains across the upper portion of the abdomen. The pains 
radiated along the lower ribs to both posterior infracostal regions. At the same 
time the cough became productive, and she raised some blood-streaked sputum; 
the temperature became elevated, and she experienced marked dyspnea on 
exertion. 

Examination on entry revealed an obese woman with cyanotic lips and finger 
tips. She was obviously in distress and breathed rapidly. The thorax was 
symmetric, the left side lagging during respiration. There was tenderness in the 
lower costal region on the left side posteriorly. Both bases were impaired to 
percussion, but much more so on the left. The breath sounds were tubular at 
the base of the left lung and bronchovesicular throughout the remainder of the 
pulmonary fields. There were no adventitious sounds. The remainder of the 
physical examination revealed essentially no abnormality. A blood count showed 
11,700 white cells, with 80 per cent polymorphonuclears, 12 per cent lymphocytes 
and 8 per cent mononuclears. The hemoglobin value was 65 per cent, and the 
red blood cells totaled 3;300,000. Except for a slightly elevated sugar content, 
chemical study of the blood gave essentially normal values. Roentgenographic 
examination of the chest showed bilateral basilar infiltration extending toward 
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the hilar regions. The infiltration was more pronounced on the left side. The 
left costophrenic sinus was obliterated by a small amount of fluid. 

Several days after entry, some of the pleural effusion on the left side was 
aspirated. It was turbid and yellowish, and cytologic examination revealed many 
red blood cells and lymphocytes. There were many greatly enlarged cells with 
hyperchromatic nuclei which showed characteristics usually associated with cells 
of malignant origin. The patient’s temperature for the first five days of hos- 
pitalization ranged between 100 and 103 F. and then fell by lysis to about 100 F. 
She was discharged after thirty-five days of hospitalization, with a diagnosis of 
bronchopneumonia. There was still considerable infiltration at the base of the 
left lung, and there was glandular enlargement at the left hilus. 

The patient was readmitted to the hospital one month after discharge. Five 
days prior to that entry the cough and expectoration, which were persistent, 
suddenly became worse and were accompanied by bouts of elevation in tem- 
perature. The sputum was once more blood tinged. Physical examination 
showed the right lung to be clear. The left lung was impaired to percussion 
throughout, with no breath sounds. Roentgenographic examination showed the 
left side of the chest to be homogeneously opaque. The mediastinum was not 
displaced. The roentgenologist commented: “I am inclined to believe that there 
is considerable fluid present. Whether or not there is compression atelectasis 
of the lung, I hesitate to state; but it is worthy of note that the heart is 
apparently on the affected side. This condition is not at all uncommon with 
neoplastic disease primarily in the bronchus.” A bronchographic study showed 
definite blockage of the left main bronchus just below the level of the carina, 
preventing the entrance of any iodized poppyseed oil 40 per cent into the lung 
or bronchus distal to the obstruction. Some of the pleural effusion was removed. 
It was serohemmorrhagic and did not present any of the characteristics of a 
malignant growth. Bronchoscopic examination revealed that the carina and 
the orifice to the right main bronchus were apparently normal. The entrance 
to the left main bronchus was obstructed by a thick purulent secretion. After 
aspiration of this material the bronchus was seen to be completely obstructed 
by a grayish tumor of somewhat glistening appearance. The mass could not 
be removed. The impression was gained that this was an intrabronchial tumor 
(of the left main bronchus) which was probably malignant. A biopsy specimen 
was taken. Microscopic examination of the tissue showed degenerated epithelial 
cells growing in a disorderly manner characteristic of carcinoma. 


Comment.—This case is of interest, first because it shows the paucity 
of physical findings and roentgenographic changes which attend early 
carcinoma of the lung. Second, it points out that a patient of ‘‘cancer 
age” in whom there develops an infection of the bronchial tree which 
assumes an unusual course may have underlying carcinoma. It is of 
additional interest because the accessory methods available for the diag- 
nosis were not employed at the first admission to the hospital, at which 
time the pleural effusion suggested carcinoma of the lung. This is 
another instance in which the ultimate diagnosis depended on broncho- 
scopic study and on microscopic study of tissue removed at the time 
of the bronchoscopic examination. 

Cases 3. and 4 show that when biopsy of tissue removed broncho- 
scopically reveals no abnormality, bronchogenic carcinoma is not ruled 


out. 
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Case 3.—E. J., aged 64 years, a painter, was admitted on Sept. 30, 1934, 
with a history of cough for five weeks and dyspnea for three weeks. Six weeks 
before entry a sense of pressure developed in the lower part of the chest without 
apparent cause. One week later he began to cough, and the cough steadily 
increased in severity. Three weeks before entry he noticed that he was becoming 
dyspneic on even slight exertion. There was no history of expectoration, 
hemoptysis or loss of weight. 

Examination showed a fairly well developed man who was acutely ill. The 
trachea was deviated to the right. The chest was symmetric, with decreased 
respiratory excursions on the left side. The right lung was essentially normal 
to percussion and auscultation. The left side of the chest was flat to percussion, 
and the breath sounds were not audible. The mediastinum was not displaced. 
There were a few small lymph nodes on the left side of the neck. A blood count 
showed 8,400 white cells, with 81 per cent polymorphonuclears, 13 per cent lympho- 
cytes, 5 per cent mononuclears and 1 per cent eosinophils. The hemoglobin value 
was 78 per cent and the red blood cell count 4,270,000. The sedimentation rate 
was 30 mm. in one hour. Roentgenographic examination of the chest at the 
time of entry showed opacity of the left hemithorax without displacement of the 
mediastinum. Bronchographic examination showed an obstruction to the iodized 
oil at the left main bronchus. The pleural fluid within the left hemithorax was 
removed but reaccumulated within three days. Cytologic examination of the 
pleural fluid on several occasions showed a moderate number of lymphocytes 
and red blood cells. There were also an unusually large number of degenerated 
epithelial cells, an occasional plaque of degenerated large cells and an occasional 
signet ring cell. The appearance of the fluid was highly suggestive of a malig- 
nant condition. Bronchoscopic examination showed that about 34 inch (1.9 cm.) 
below the entrance to the left main bronchus there was a large, irregular nodular 


mass attached to the superior wall. The mass extended about % inch (1.3 cm.) 


into the bronchus, at which point it occupied the entire lumen. An attempt 
was made to obtain some of the tissue for microscopic examination, but because 
of the density of the mass it was difficult to obtain a representative specimen. 
The impression gained at the time of the bronchoscopic examination was that 
the neoplasm was malignafit. Microscopic examination of the tissue removed 
failed to show malignant growth. 

Comment.—While the ultimate diagnosis of carcinoma of the lung 
rests with the observation of malignant cells in the tissue removed from 
the bronchus, it is not possible in every instance to observe such cells. 
This is due to the fact that the tissue removed is not representative of 
the tumor. In this case biopsy of tissue removed bronchoscopically did 
not suggest malignant growth. However, the bronchoscopic observa- 
tions and the cytologic examination of the pleural fluid did suggest 
malignant growth. This case also points out that if any one examina- 
tion shows a normal condition, this does not rule out the presence of 
malignant growth; whereas one positive finding clinches the diagnosis. 

Case 4.—S. N., a man aged 63 years, a clerk, was admitted on Dec. 12, 1934, 
complaining of cough and expectoration of one day’s duration. Two years pre- 
viously he had had pleurisy on the left side which lasted approximately two 
weeks. Previous to this he had had a chronic cough with expectoration for 


about twenty-five years. The onset of the present illness began twenty-four 
hours before entry, at which time he began to feel tightness in the left side of 
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the chest and in the substernal region. This was accompanied by paroxysms of 
coughing, with purulent expectoration; the sputum was blood streaked on 
several occasions. About three months previous to entry the patient had a 
similar episode, and the condition was diagnosed as abscess of the lung of 
unknown etiology. 

Examination at this time showed a fairly well developed, poorly nourished, 
acutely ill man. His chest was emphysematous, the sternum was prominent and 
the interspaces on the left side were wider than those on the right. There was 
diminished resonance at both bases, more marked on the left side; tactile 
fremitus was diminished on the left side. The breath sounds were harsh and 
exaggerated throughout except at the base of the left lung, where they were 
distant and almost entirely lost in the various-sized moist rales. A blood count 
showed 9,400 white cells, with 81 per cent polymorphonuclears, 15 per cent 
lymphocytes and 4 per cent mononuclears. There were 4,260,000 red blood 
cells. The hemoglobin value was 50 per cent. A roentgenographic examination 
of the chest showed a dense opacity involving the periphery of the left lung, 
with infiltrating bands leading toward the hilus and base on that side. Broncho- 
graphic examination outlined a normal bronchial tree on the right side. On the 
left side the iodized oil did not extend beyond the main bronchus. In the pulmon- 
ary tissue distal to the obstruction there was a large globular opacity with a 
clear superior zone and a horizontal fluid level inferiorly. These findings sug 
gested a large pulmonary abscess with a fluid level. Bronchoscopic examination 
was performed, and a diagnosis of abscess of the lung was made. The findings 
did not suggest a malignant growth. A microscopic examination of the tissue 
removed at the time of the bronchoscopic examination showed no evidence of 
malignant growth. The patient was treated for abscess, and surgical drainage 
was instituted. He died shortly thereafter. At necropsy, a cavitated carcinoma 
of the upper lobe of the left lung was present. 


Comment.—lIn this case there was carcinoma of the lung with excava- 
tion which presented all the appearances of an abscess. The accessory 
methods of diagnosis available were of no help. In retrospect and on 
reexamination of the roentgenograms we noted that the cavity was of 
unusual thickness and irregularity. This is not characteristic of a pul- 
monary abscess of so short a duration. Such findings are more com- 
monly seen in the highly undifferentiated types of carcinoma of the lung. 

Cases 5 to 9 illustrate the importance of cytologic examination of the 
pleural fluid and microscopic examination of a lymph node or nodule of 
the skin. 

Case 5.—A. S., a woman aged 68 years, was admitted on July 29, 1930, com- 
plaining of weakness, cough, blood-streaked sputum and dizziness for about one 
month. She had been perfectly well until the onset of the present illness. She 
went to bed one night feeling as well as tisual and awoke the following morning 
with a cough, without apparent cause. After this episode she continued to 
expectorate “little lumps which contained blood.” The cough became more 
persistent and troublesome. Two weeks prior to entry she began to notice pro- 
gressive weakness and excessive night sweats; she became dizzy on getting out 
of bed and therefore remained confined to bed. She had lost about 20 pounds 
(9.1 Kg.) since the onset of the illness. 

The patient appeared to be chronically sick. She was cyanotic about the lips 
and showed evidence of recent loss of weight. The thorax was symmetric and 
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moved fairly well on respiration. There was duliness to percussion at the base 
of the right lung, in which area the breath sounds were distant and were acconi- 
panied by fine moist rales. The mediastinum was not displaced. The remainder 
of the physical examination revealed essentially no abnormality. A blood count 
showed 6,200 white cells, with 64 per cent polymorphonuclears, 28 per cent 
lymphocytes, 6 per cent mononuclears and 2 per cent eosinophils. The hemo- 
globin value was 80 per cent, and the red blood cells totaled 4,200,000. Roent- 
genographic examination of the thorax at the time of entry showed an infiltration 
of both hilar regions, which was more pronounced on the right side. On this 
side there was also an infiltrative process extending from the hilus toward the 
base. Two weeks later, reexamination of the thorax roentgenographically showed 
an opacity at the base of the right lung, with a clearcut upper linear border 
delineating the upper border of the lower lobe. The opacity obliterated the 
diaphragmatic cusp and the costophrenic sinus. 

Bronchoscopic study showed that the bronchus of the lower lobe of the right 
lung contained a smooth papular growth. The impression was gained that this 
growth was malignant. (No biopsy specimen was obtained.) A small nodule 
which developed in the skin was removed for microscopic examination. The 
tissue was diagnosed as “metastatic carcinoma.” In the interim a pleural effusion 
had developed on the right side. Some of this was removed for cytologic exami- 
nation and suggested the presence of malignant growth. The patient died on 
September 4. At necropsy, carcinoma of the right main bronchus was present. 


Comment.—This case illustrates the confirmative diagnostic infor- 


mation which may be obtained by early bronchoscopic examination, 


cytologic examination of the pleural effusion or biopsy of an accessible 
nodule. 


Case 6.—Z. K., aged 65 years, a clothing presser, was admitted on April 1, 
1936, complaining of dyspnea, cough, headache and substernal pressure for about 
five weeks. For the past three months he had been feeling “out of sorts.” How- 
ever, no definite complaints were made until five weeks before entry, when he 
noted that he was becoming dyspneic while engaged in his usual work. At 
about the same time he also noted that he had a cough which was becoming 
troublesome and persistent. In the two weeks before entry the cough had been 
hacking and had been accompanied by a small amount of expectoration. One 
week before entry the patient began to have substernal discomfort, headaches 
and dizziness. 

Examination showed a we’! preserved man, who was somewhat cyanotic about 
the lips and finger nails. The chest was emphysematous; the left side failed to 
move as well as the right side during respiration. The intercostal spaces on the 
left side appeared narrowed. The right side of the chest was essentially normal 
to percussion and auscultation. The left side was flat to percussion, and the 
breath sounds were distant and accompanied by numerous fine moist rales. The 
adventitious sounds were most pronounced at the base posteriorly. The medias- 
tinum was not displaced. A blood count showed 8,700 white cells, with 59 per 
cent polymorphonuclears, 37 per cent lymphocytes, 2 per cent mononuclears, 1 
per cent eosinophils and 1 per cent basophils. The hemoglobin value was 78 per 
cent, and the red blood cells totaled 4,050,000. A roentgenogram showed a homo- 
geneous opacity involving the entire left side of the chest, with a clear apical 
region. The mediastinum appeared normal. After removal of the pleural effusion 
the roentgenogram revealed a discrete node in the basal portion of the left 
lung (Subsequent roentgenograms showed rapid reaccumulation of fluid.) 
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Cytologic examination of the fluid showed many erythrocytes and a moderate 
number of large mononuclear cells with basophilic or clear protoplasm. Some 
of the nuclei were hyperchromatic and occupied eccentric positions. A few signet 
ring cells were present. The impression was gained that this fluid was of 
malignant origin. 


Comment.—The pleural effusion had masked the underlying patho- 
logic condition, and it was not until the fluid had been removed that 
satisfactory roentgenograms of the underlying lung could be made. 
This procedure also permitted cytologic examination of the fluid. The 
rapid reaccumulation of pleural effusion is commonly met with in some 
forms of carcinoma of the lung. 


Case 7.—S. O., aged 56 years, a clothing operator, was admitted on Dec. 10, 
1936, with a history of pain in the chest, cough, a choking sensation for about 
five weeks and blood-tinged sputum for five days. Several weeks before entry 
into the hospital he began to have choking sensations which were followed by 
cough and pain in the chest. This condition persisted and steadily increased in 
severity. About three weeks before entry the patient began to expectorate small 
amounts of yellowish sputum, to lose weight and to sweat at night. Despite the 
increasing severity of the symptoms, he carried on his daily routine until about 
two weeks before entry. At this time he became so weak that he had to remain 
confined to bed. About one week before admission to the hospital he began to 
have blood-streaked sputum and pain in the lower part of the chest, and on one 
occasion, several days before entry, he had frank hemoptysis. 

Examination at the time of entry revealed an acutely sick patient, who was 
dyspneic while in the recumbent position. The lips and finger tips were cyanosed. 
Many various-sized cervical glands were palpable. The left side of the thorax 
appeared retracted and motionless during respiration. There was dulness to 
percussion over the lower half of the left side of the chest, in which area the breath 
sounds were absent. The right side of the chest was normal. The heart and 
mediastinum were not displaced. The blood count showed 12,800 white cells, 
with 86 per cent polymorphonuclears, 13 per cent lymphocytes and 1 per cent 
mononuclears. The hemoglobin value was 90 per cent, and the red blood cell 
count was 5,000,000. The roentgenogram made at the time of entry showed a 
pronounced haze at the root of the left lung which gradually extended into the 
pulmonary parenchyma. The diaphragm on that side was elevated, and the lung 
appeared smaller than the one on the right. The latter showed evidence of 
bronchopneumonic infiltration. 

Bronchoscopic examination revealed that the posterior tracheal wall above 
the carina contained a small denuded area and ulceration which bled with 
manipulation, The diagnosis was questionable. No biopsy specimen could be taken. 
A cervical lymph node was removed, and microscopic examination showed carcinoma 
simplex (metastatic). The patient died on Jan. 3, 1937. At necropsy there 
was an infiltrating carcinoma in the left main bronchus. 


Comment.—In this case the course and findings were more or less 


typical of carcinoma of the lung. The neoplasm undoubtedly was 


present for a considerable time before it produced any interference with 
function or symptoms. 





HOCH BERG-LEDERER—CARCINOMA OF LUNG 


Case 8.—P. P., aged 54 years, a tinsmith, was admitted on July 13, 1932, com- 
plaining of pains in both legs and in the lower dorsal region and constipation 
for several weeks. For the past nine years the patient had been having pain 
in the lower portion of the back which was most disturbing during prolonged 
standing or bending. Occasionally the pain would radiate down the thighs. About 
four weeks before entry it suddenly became more severe and seemed to begin 
higher up (in the lower portion of the dorsal region). The pain entirely 
incapacitated the patient. Occasionally he also had short sharp pains in the right 
infracostal region and constipation. 

On examination the patient appeared acutely sick and was obviously in pain 
The chest was emphysematous and moved equally on respiration. There was no 
impairment to percussion, the breath sounds were bronchovesicular throughout 
and at both bases were accompanied by fine moist rales. There was some tender 
ness along the lower lumbar portion of the spine. The remainder of the physical 
examination revealed essentially no abnormality. The blood count showed 14,100 
white cells, with a differential count of 80 per cent polymorphonuclears and 20 
per cent lymphocytes. Roentgen examination of the lumbosacral region showed 
some osteoarthritis. On July 27 the patient was discharged, with a diagnosis of 
osteoarthritis of the lumbosacral region. Six weeks later he was readmitted 
to the hospital with similar symptoms. This time, however, they were more severe. 
The physical findings were essentially the same as on the previous occasion except 
that this time there were some fine rales throughout the right lung and two 
small nodules in the skin on the anterior abdominal wall. An investigation was 
instituted to determine the cause of the persistent moist rales in the right lung. 
A roentgenographic study showed a homogeneous opacity of the upper half of 
the pulmonary field without cardiac displacement. Bronchographic examination 
revealed that the lower portion of the bronchial tree was normal. Although 
special effort was made to visualize the upper lobe, no iodized oil entered beyond the 
beginning of the bronchus. Biopsy of a cutaneous nodule failed to show any 
malignant changes. A second biopsy of the skin showed bands of connective 
tissue lined with cuboidal epithelium. The spaces between the bands contained 
similar cells. The papillary structure resembled the “type of growth seen with 
metastasis to the skin from a bronchial carcinoma.” On September 16 the 
patient died. At necropsy there was carcinoma of the main bronchus of the right 
lung which extended into the upper lobe. 


Comment.—When a patient of “cancer age” shows unexplained pul- 


monary signs, whether associated with symptoms or not, a pulmonary 


malignant growth should be suspected. This case is of further interest 
in that throughout his illness the patient never presented symptoms 
referable to the respiratory tract. 


Case 9.—J. Z., aged 62 years, a contract builder, was admitted on Sept. 
12, 1934, complaining of pains in the chest, face and head for two weeks. About 
six weeks prior to the present illness he had some pain in the right infracostal 
region, which he was told was myalgia; he was advised to apply heat locally. In 
spite of persistent care, the condition became worse. Three weeks before entry 
he began to have pain along the left side of the face. The next week he noted 
that the pain was extending upward on the face and was accompanied by a 
headache on the left side. The pain had also spread downward to the upper part 
of the left side of the chest. There was no history of cough, expectoration, loss 


of weight or dyspnea. 
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The patient appeared comfortable. Some enlargement of the cervical glands 
was noted on the right, together with tenderness in the right axillary region. 
The chest was emphysematous; the breath sounds were exaggerated at the base 
of the right lung. No adventitious sounds were heard. The other systems on 
physical examination were essentially normal. A blood study showed 7,500 white 
cells, with 71 per cent polymorphonuclears, 25 per cent lymphocytes and 4 per 
cent mononuclears. The hemoglobin value was 75 per cent and the total red 
blood cell count 4,000,000. A roentgenogram showed a flattened, opaque area 
of density in the right axillary region, with definite erosion of the fourth rib, 
extending from the posterior to the anterior axillary line. The findings suggested 
tumefaction in the region of the fourth rib. On the contralateral side there 
was another nodule toward the periphery of the pulmonary field. 

A small amount of the pleural effusion on the right side was removed for 
cytologic study. Microscopically it consisted of red blood cells and other cells 
arranged either in groups as individual cells or in the form of plaques. These 
cells presented the characteristics of a malignant growth. 


Comment.—This patient originally complained of infracostal pain 
on the right, but this symptom was lost sight of when he began to com- 
plain of pain about the left side of the face, head and upper portion of 
the thorax. The latter symptoms were undoubtedly due to metastatic 
involvement. 


Case 10 demonstrates the importance of careful examination of the 


material obtained by bronchoscopic aspiration when biopsy of repre- 
sentative tissue is not possible. 


Case 10.—W. K., aged 57, a clothing presser, was admitted on March 20, 
1936, with a history of cough, pain in the chest, fever and chills for six days 
Except for a slight cough for about forty years, the patient had always felt well 
up to the time of the present illness. The onset of the illness was sudden. His 
chronic cough was not altered appreciably, nor was it accompanied by any 
expectoration. 

The patient was of slight build. The chest was symmetric, the right side moving 
less than the left. The percussion note was impaired in the upper half of the 
right side of the chest. The breath sounds in this region were distant and bronchial 
and accompanied by fine moist rales. Results of the rest of the physical examina- 
tion was essentially unimportant. A blood study showed 14,000 white cells, with 
80 per cent polymorphonuclears, 16 per cent lymphocytes and 4 per cent mono- 
nuclears. The hemoglobin value was 80 per cent, and the red blood ‘cell count 
was 4,500,000. A roentgenogram taken at the time of entry showed an opacity 
of the upper two thirds of the right pulmonary field suggestive of consolidation. 
The temperature during the first three days of the patient’s stay in the hospital 
was irregularly elevated. On April 10 he was discharged, with a diagnosis of 
pneumonia in the upper lobe of the right lung. 

On November 3 the patient was readmitted to the hospital with the same 
complaints; in addition, he complained of intermittent pains in the right scapular 
region. In the interim since his discharge he had expectorated blood on several 
occasions. A roentgenogram taken on this entry showed an opacity occupying 
the upper lobe of the right lung, including the apex. The diaphragm was elevated, 
and the trachea deviated to the right. Passive bronchographic examination revealed 
normal terminal bronchial markings in the base of the right lung. An attempt 
was made to pass some of the iodized oil into the region of the upper lobe 
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of the right lung but none was visualized there. Bronchoscopic examination 
showed edema of the bronchus on the right side, with hypertrophy of the mucosa, 
so that the bronchoscope could not be passed further. Bronchoscopic aspiration 
was performed. The material thus obtained showed numerous various-sized 
cells with oval nuclei and light, irregularly staining protoplasm. Some of the 
cells were of the columnar variety; most, however, resembled the oat cell seen 
in cases of bronchogenic carcinoma. 


Comment.—When pneumonia develops in a patient of “cancer age” 
and assumes an abnormal course, the possibility of an underlying car- 
cinomatous process must be entertained. 

Case 11 demonstrates the value of exploratory thoracotomy and 
biopsy of questionable tissue. 


Case 11—M. L., a man aged 52 years, was admitted on May 16, 1926, com- 
plaining of pain in the right side of the chest for four days. The onset of 
the pain was sudden and was followed by dyspnea and daily elevations in 
temperature to 103 F., chills and persistent cough. Three months previous to the 
present illness the patient had pain in the right shoulder and swelling of the right 
arm for several days. 

Examination showed an acutely sick patient who was somewhat cyanotic 
about the lips. There were dulness and absence of breath sounds over the lower 
right half of the pulmonary field, above which there were signs of pneumothorax. 
The blood count showed 30,000 white cells, with a differential count of 85 
per cent polymorphonuclears and 15 per cent lymphocytes. The hemoglobin value 
was 60 per cent, and the red blood cells totaled 3,800,000. On entry a roentgeno- 
gram showed hydropneumothorax on the right side. The underlying lung was 
infiltrated. Thoracotomy was performed, relieving the patient of some pus 
but not relieving the symptoms. A postoperative roentgenogram failed to show 
any appreciable changes. Another thoracotomy was performed, with exploration 
of the chest. The lung was found to be adherent locally, indurated in some 
areas and soft in others. The latter areas were pearly gray. Some of this soft 
tissue was removed, and microscopic examination revealed adenocarcinomatous 
changes. 

Comment.—When a patient of “cancer age,” without apparent cause, 
shows spontaneous pneumothorax or empyema and fails to rally after 
the proper therapy is instituted, the diagnosis of carcinoma of the lung 
must be entertained until ruled out. 


COMMENT AND CONCLUSIONS 


There is no doubt that a certain number of cases of carcinoma of 
the lung will continue to escape recognition until late in the course of 
the disease, not merely because patients are prone to delay medical 
consultation and because the disease produces symptoms mimicking 
those of other diseases and therefore is not readily recognized but 
because the first symptoms to attract the patient’s attention are due to 
metastatic deposits. In our own cases epigastric distress, nausea, 


vomiting, pruritis, dysuria and hemorrhoids were not infrequently 
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encountered as the initial complaints. In 13 (21.6 per cent) of our 
cases the first symptoms which brought the patient to the physician 


did not suggest an intrathoracic new growth. In most of these cases 
a routine roentgenographic study unexpectedly revealed an intrathoracic 
pathologic condition which was later diagnosed as primary carcinoma 


of the lung. 

In reviewing our cases we feel that in at least 10 of the 18 cases in 
which the diagnosis was not established until one month to six months 
had elapsed after the patient had first sought medical advice, the correct 
diagnosis would have been made if the physician had thought of the 
fact that infradiaphragmatic symptoms are often due to a supra- 
diaphragmatic pathologic condition or, in the suspicious case, if the 
physician had suggested bronchoscopic examination as an aid in making 
the diagnosis. A painstaking study of the history would have sug 
gested the possibility of carcinoma of the lung, particularly in those cases 
in which there had been intermittent periods of dyspnea, a change in 
the patient’s habit of coughing or a change in the character of the 
expectoration. A more careful physical examination in cases in which 
the cause of the disorder was obscure, particularly in the patient of 
“cancer age,” would have been of inestimable value. 

The crux of the problem of carcinoma of the lung lies in its con- 
sideration in every case of an obscure ailment. The general practitioner 
who first encounters a combination of suspicious symptoms and signs 
in the course of an examination of the chest owes it to himself and to 
his patient to seek authoritative opinion or to persist in his investigation 
until a final satisfactory diagnosis is established. In the investigation of 
such cases roentgenographic and bronchographic studies, bronchoscopic 
examination and biopsy of tissue removed bronchoscopically are of the 
utmost importance. Negative results of studies should not be considered 
as excluding the possibility of bronchogenic carcinoma. In 1 of our 
cases the early roentgen and bronchographic studies did not suggest 
carcinoma of the lung; the bronchoscopic findings suggested “bronchial 
stenosis,’ and tissue removed bronchoscopically was reported as being 
“chronic inflammatory tissue.”” A restudy two weeks later did not yield 
any further information. But, because of the history and the altered 
breathing in one area of the lung, the clinician persisted in his belief that 
carcinoma was present. Biopsy tissue removed bronchoscopically one 
week later was reported as containing “carcinomatous tissue.” Occa- 
sionally such studies as those mentioned will yield doubtful results and 
leave one still suspicious of the presence of carcinoma. In such 
instances, exploratory thoracotomy should be performed. Adler, as 
early as 1912, stated: 
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As at the present the conscientious physician examines every chest for 

possible tuberculosis, so in the future every chest will have to be examined 
for possible tumor. The writer would go still further. Where all the means 
of diagnosis outlined in this little study fail, where there is suspicion of tumor, 
but no assurance is possible, there should be,—it is emphatically here stated,— 
as little hesitation in resorting to an exploratory thoracotomy as there is nowa- 
days in submitting to an exploratory laparotomy. 
Today, twenty-five years later, with the advances in thoracic surgery 
and intratracheal anesthesia, exploratory thoracotomy should not be 
considered any more dangerous than exploratory laparotomy. At the 
time of exploratory thoracotomy some of the suspicious tissue can be 
removed and examined microscopically. 

The future of the management of carcinoma of the lung depends in 
a large measure on its early recognition. Thoracic surgery has advanced 
much farther than has the ability of the practitioner to make an early 
diagnosis of bronchogenic carcinoma, judging from the patients with 
so-called early carcinoma who are submitted to surgeons. If the diag- 
nosis is to be made early it must be borne in mind that relatively trivial 
symptoms are important and that a disease within the thorax may pro- 
duce extrathoracic symptoms. 

From the foregoing consideration the following conclusions may 
be listed. 

Carcinoma of the lung is not an uncommon disease. 

In 21.7 per cent of our 60 cases no symptoms referable to the thorax 
were presented. 

In 81.8 per cent of our cases the patients were between 45 and 65 
years of age. 

The disease is almost four times as frequent in males as it is in 
females. 

There are no signs or symptoms pathognomonic of early carcinoma 
of the lung. A change in the habit of coughing or in the character of 


the expectoration or paroxysmal dyspnea without apparent cause requires 


a careful examination of the thorax before carcinoma of the lung is 
ruled out. 

If the possibility of malignant growth elsewhere has been ruled out, 
the final diagnosis of bronchogenic carcinoma rests with the microscopic 
observation of malignant cells in representative tissue. 

The accessory means of diagnosis of early carcinoma of the bronchus, 
in the order of facility and diagnostic importance, are: (a) broncho- 
scopic examination and biopsy of tissue removed bronchoscopically, (0) 
study of the pleural effusion, (c) puncture of the lung, (d) exploratory 
thoracotomy and (e) biopsy of an accessible metastatic nodule. 
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Bright’s * epoch-making observation in 1836 of the association of 
cardiac hypertrophy with renal disease assumed new significance in 
1868, when Johnson? noted coexistent thickening of the arterial walls 
in this condition. That renal damage need not necessarily precede the 
other two factors was pointed out by Mahomed * in 1874 and later was 
substantiated by Allbutt.* 

Subsequent to these fundamental observations, continued study has 
emphasized more and more that of the whole vascular tree, the arteriolar 
bed suffers most profoundly from the changes that are known to be 
rather characteristically associated with hypertension. This is not sur- 
prising, because Landis *® noted that the greatest pressure gradient in 
the frog and in the mammalian mesentery is in the arteriole and Ellis 
and Weiss *® found that with an increase in vascular tension the load 
of work carried by the arteriole is magnified relatively many more 


times than is that of any other part of the vascular bed. 
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Authors have not been in agreement as to the relative frequency of 
arteriolar changes in the different tissues of hypertensive patients.’ 
The wide divergence of opinion results partly because criteria for evalu- 
ation of changes in vessels have varied greatly and partly because 
standard methods for classification of hypertension have not been used. 
It is reasonable to infer that the clinical severity of the hypertension 
and the duration of the disease are factors important in determining the 
degree of vascular change. Hence it is imperative that more accurate 
criteria for delimiting hypertension be used and that, if possible, the 
conditions be grouped by virtue of certain measurable factors into classes 
according to the severity of the involvement. Thus, the small artery and 
the arteriole should be studied, and an attempt should be made to relate 
the definite pathologic picture which a given vessel presents to the degree 
of severity of hypertension suffered by the patient so that it may be 
determined whether or not the observed changes mark the most severely 
hypertensive patient as distinct from one less severely hypertensive, 
just as certain measurable features characterize the vessel of a person 
who has a normal blood pressure. 

Such an attempt was made first by Kernohan, Anderson and Keith, 
in 1929.8 They studied the arteriole of pectoral muscle at biopsy. 
Specimens were obtained from hypertensive patients who, on the basis 
of arbitrary clinical standards, had been grouped according to the sever- 
ity of the disease. In the vessels of the pectoral muscle of hypertensive 
patients they found a measurable deviation from normal that was most 
marked when histologic change was most evident and in those patients 
who had the most severe disease clinically. Andrus,® by study of mate- 
rial obtained at necropsy, was unable to verify the conclusions of 
Kernohan and his co-workers ; he expressed the belief that postmortem 
change and structural alteration of vessels after death made measure- 
ment of the wall of the vessel valueless and concluded that a study of 
the arteriole of pectoral muscle gave no accurate hint of the degree of 
clinical hypertension. His work lacks conviction because the clinical 
standards he used for the diagnosis of hypertension were not rigid. 

Moritz and Oldt,!° from an exceedingly comprehensive survey, con- 
cluded that neither the physiologic state of the vascular system at the 
time the specimens were obtained nor variation in the methods used in 

7. In this paper the term hypertensive patient refers to a patient who has 
diffuse arteriolar disease and hypertension. 

8. Kernohan, J. W.; Anderson, E. W., and Keith, N. M.: The Arterioles 
in Cases of Hypertension, Arch. Int. Med. 44:395-423 (Sept.) 1929. 

9. Andrus, F. C.: The Relation of Age and Hypertension to the Structure 
of the Small Arteries and Arterioles in Skeletal Muscle, Am. J. Path. 12:635- 
652 (Sept.) 1936. 

10. Moritz, A. R., and Oldt, M. R.: Arteriolar Sclerosis in Hypertensive and 
Non-Hypertensive Individuals, Am. J. Path. 13:679-728 (Sept.) 1937. 
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preparing tissues for microscopic examination led to changes in arteriolar 
dimensions that were greater than those resulting from anatomic varia- 
tions or errors in mensuration under controlled conditions. They also 
expressed the opinion that a numerical value useful in distinguishing 
hypertensive from nonhypertensive persons is obtained from the mean 
external diameter of arterioles within a fixed range of size. One of 
the most significant facts they brought out is that the thickness of the 
wall and the caliber of the lumen do not bear a constant relation to 
each other throughout the length of a diseased vessel. 

I have made a histologic study of the arteriolar bed of the liver, 
pancreas, spleen and the gastrointestinal tract of hypertensive patients, 
thereby hoping to contribute something to the knowledge of the relation 
of vascular pathologic conditions to hypertension. Heretofore, conclu- 
sions concerning this relation have been drawn from impressions obtained 
by study of a comparatively limited amount of tissue and of few con- 
trols. I felt that tissue specimens from an adequate series of patients 
in conjunction with specimens from a sufficient number of controls 
studied histologically with differential stains and analyzed by mathe- 
matically precise methods would give valuable information. 


METHOD 


Tissue was obtained routinely at necropsy from both the normal and the hyper- 
tensive persons. The tissue was fixed in a dilute solution of formaldehyde U. S. P. 
(1:10), blocked in paraffin and stained. Measurements were made of the vessels 
in tissue stained by the hematoxylin and eosin method. Histologic evaluation of 
changes in vesseis was made with the aid of the Van Gieson, the Heidenhain 
modification of the Mallory, the elastin H and the scarlet red differential stain. 
Of these the Van Gieson stain for differentiation of fibrous and muscular elements 
and the elastin H stain for recognition of elastic tissue proved to be most useful. 

Although the value of measuring arterioles in histologic material has been 
seriously questioned by Andrus, I believe, after careful evaluation of laboratory 
methods as a factor of error, that the conclusions of Moritz and Oldt give justi- 
fication for this method. Therefore, I do not believe that laboratory methods will 
be a significant factor in the interpretation of my findings. Moreover, if an error 
was introduced, since specimens from both the normal and the hypertensive persons 
were subjected to similar methods and since the value of this study lies in compara- 
tive measurements, I believe that such an error would become nonactive and could 
be disregarded. 

For the measurement of the wall of the vessel and for computation of the ratio 
of the thickness of the wall to the diameter of the lumen, a Bausch and Lomb 
micrometer eyepiece was used over an objective of high power, giving a magnifi- 
cation of 450. The wall of each vessel was measured in four places (fig. 1, ab, cd, 
ef and gh) and the lumen in two diameters (bc and fg), and the average for the 
wall and the lumen of each vessel was then obtained. Each measurement was made 
to the nearest 0.005 mm. Only vessels which were cut at right angles to their 
course were measured. Six vessels in each section were measured, and the average 
of these was assumed to be a fair estimate of a vessel representative of that tissue. 
I have adopted Kernohan’s criteria and have considered as an arteriole any vessel 
the outside diameter of which is between 25 and 100 microns. 
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NORMAL SUBJECTS 

The ratio of the thickness of the arteriolar wall to the diameter of 
the lumen first had to be established for each of the tissues of normal 
subjects. Sixty patients ranging in age from 20 to 79 years and equally 
divided into six age groups were selected as controls with respect to 
each tissue. I made no effort to distinguish between the two sexes. 
Death in these cases had been caused by a wide range of conditions, 
neoplasm predominating. Specimens from obese persons were not 
included ; each patient had weighed less than 180 pounds (81.6 Kg.). 
There was neither clinical nor pathologic evidence that hypertension had 
existed in any of these patients. Clinical evidence included an unim- 


portant personal history and a systolic blood pressure which did not 
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Fig. 1—Cross section of arteriole. The thickness of the wall was obtained by 
averaging ab, cd, ef and gh. The diameter of the lumen was obtained by averaging 
be and fg. 


exceed 140 mm. of mercury. Because it has been shown rather definitely 
that age is not a factor of importance in determining the size of the 
heart and that cardiac hypertrophy depends on the height at which it 
has been necessary to sustain the blood pressure during life,’* a heart 
of normal weight was interpreted as evidence of a preexisting normal 
blood pressure. For these controls the weight of the heart was between 
the upper and the lower limit of normal, as calculated by Smith’s * 
formula. Cases in which the cardiac weight exceeded 400 Gm. were 
not considered. 

11. Smith, H. L.: The Relation of the Weight of the Heart to the Weight of 
the Body and of the Weight of the Heart to Age, Am. Heart J. 4:79-93 (Oct.) 
1928. 
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HYPERTENSIVE PATIENTS 

In all cases the history was carefully recorded, and physical exam- 
ination, measurement of blood pressure, a record of the appearance of 
the retina, and tests of renal and cardiac function were made. In most 
cases electrocardiographic tracings were obtained. 

Retinal observations deserve special mention hecause the severity of 
changes noted in the fundus of the eye played a large part in the clinical 
grouping of the patients. Because the retinal and choroidal vessels are 
arterioles and because changes in these vessels probably are indicative 
of similar changes in vessels of like size in other parts of the body, the 
significance of the condition of these vessels is at once apparent. The 
most severe degree of hypertension, so-called malignant hypertension 
or malignant nephrosclerosis, is associated with a distinctive appearance 
of the fundus, which has been described in detail by Wagener.** In 
such cases examination of the fundus usually gives evidence of a severe 
degree of arteriolar narrowing and sclerosis, characteristic retinitis with 
retinal edema, cotton-wool exudate, hemorrhagic regions and papille- 
dema. Papilledema is a striking feature, and always is present in minor 
or major degree; it may reach an elevation of 6 D. and may be dispro- 
portionate to other changes in the retina. 

I have classified the hypertensive patients into three groups, which 
correspond to groups 2, 3 and 4 outlined by Keith, Barker and Kerno- 
han.’* That arbitrary grouping is justifiable was indicated by the patho- 
logic data compiled by Kernohan, Anderson and Keith in 1929 and has 
been borne out subsequently by clinical experience. 

Group 1.—The patients comprising this group often are spoken 
of as having benign hypertension. The systolic blood pressure is ele- 
vated definitely and persistently above the level of 140 mm. of mercury. 
There is no evidence of renal or of cardiac damage, and examination 
of the retinal arterioles reveals only a minimal degree of sclerosis and 
narrowing (grade 1, on the basis of 1 to 4). Keith and his co-workers 
found that in the arterioles of pectoral muscle the ratio of the thickness 
of the wall to the diameter of the lumen was usually reduced as com- 
pared with the normal ratio. The disease may remain stationary for a 


12. Wagener, H. P.: The Retinitis of Malignant Hypertension, Tr. Am. Ophth. 
Soc. 25:349-380, 1927; Retinal Vascular Changes in Hypertension, Ann. Int. Med. 
4:222-226 (Sept.) 1930. Wagener, H. P., and Keith, N. M.: Cases of Marked 
Hypertension, Adequate Renal Function and Neuroretinitis, Arch. Int. Med. 34: 
374-387 (Sept.) 1924. 

13. Keith, N. M.; Barker, N. W., and Kernohan, J. W.: Histologic Studies of 
the Arterioles in Various Types of Hypertension, abstracted, Tr. A. Am. Physicians 
46:66-70, 1931. 
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long time, or it may progress to more serious forms of hypertension. 
None of the patients belonging in this group who came to necropsy 
were included in the present study. 

Group 2.—In patients belonging to this group Keith and his co-work- 
ers observed a more marked alteration in the ratio of wall to lumen as 
compared with the normal value. They noted more pronounced retinal 
arteriolar sclerosis (grade 2) but no actual retinal, cerebral, cardiac or 
renal insufficiency. In this group the blood pressure was higher than in 
group 1. The systolic blood pressure was sometimes much more than 
200 mm. of mercury, and it fluctuated to a normal level less often than 
in the patients in group 1. 

I found 9 patients who showed conformity with these requirements. 
Eight of these patients were men, and 1 was a woman, their ages rang- 
ing from 49 to 71 years. Knowledge on the part of the patient con 
cerning the existence of hypertension varied; patients had known of 
their illness usually for several years. In 1 instance in which life was 
terminated by cerebral thrombosis, hypertension had been present for 
thirty years. The systolic blood pressure was at least 190 mm. of 
mercury and the diastolic blood pressure 110 mm. of mercury in every 
case. In 1 case a systolic peak of 255 mm. of mercury was reached. 
The heart was demonstrably enlarged, and there were an apical systolic 
murmur and accentuation of the closure of the aortic semilunar valve in 
all cases. Electrocardiographic examination gave evidence of significant 
changes, interpreted as characteristic of hypertension,’* in some instances. 
Examination of the fundi gave evidence of sclerosis and narrowin 


co 
g 
of the retinal arterioles, in 1 case being of grade 1, in 7 cases of grade 2 


and in 1 case of grade 3. Peripheral arterial sclerosis was variable, 
being of grade 3 in 4 cases. In all cases albuminuria was present, in 
4 cases being of grade 1, in 4 cases of grade 2 and in 1 case of grade 3. 
The concentration of urea in the blood at the time of examination was 
normal for the entire group. In no case was there evidence of anemia 
which could be attributed solely to the hypertension. Death was caused 
by intercurrent disease in 5 cases, by cerebrovascular occlusion in 2 
cases, by myocardial failure in 1 case and by pulmonary embolism in 
1 case. The following case is typical: 


14. Rykert, H. E., and Hepburn, J.: Electrocardiographic Abnormalities 
Characteristic of Certain Cases of Arterial Hypertension, Am. Heart J. 10:942- 
954 (Oct.) 1935. Willius, F. A.: Observations on the Negativity of the Final 
Ventricular T Wave of the Electrocardiogram, Am. J. M. Sc. 160:844-865 (Dec.) 
1920; Electrocardiography and Prognosis: I. Significant T Wave Negativity in 
Isolated and Combined Derivations of the Electrocardiogram, Arch. Int. Med. 
30:434-450 (Oct.) 1922. 
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Case 1—A man aged 68 years, a minister of English extraction, had had 
hypertension for thirty years. There was no history of cardiac or of vascular 
disease in his family. His previous illnesses included scarlet fever, rheumatic 
fever and influenza. Eleven years prior to death his blood pressure was 178 
systolic and 120 diastolic. He suffered from dyspnea and occasional precordial 
distress. On entry his systolic blood pressure varied between 190 and 212 mm. 
of mercury and the diastolic pressure between 120 and 130 mm. of mercury. There 
were cardiac hypertrophy and peripheral sclerosis (grade 3). There was albumi- 
nuria (grade 1), the concentration of urea in the blood was 48 mg. per hundred 
cubic centimeters, the flocculation test of the blood for syphilis gave negative 
results and anemia was not present. Electrocardiographic examination gave evidence 
of preponderance of the left ventricle and of inversion of the T wave in lead I. 
Examination of the fundi gave evidence of arteriolar sclerosis (grade 2), and of 
narrowing of the vessels. Death was caused by thrombosis of the basilar artery 
with cerebral infarction. Significant conditions observed at necropsy, in addition 
to cerebral infarction, were hypertrophy of the heart (weight, 538 Gm.), renal 
atrophy and generalized arteriosclerosis. 

Group 3—Keith and his co-workers said that the status of the 
patients in this group is characterized by marked hypertension, by more 
pronounced arteriolar sclerosis of the retinal vessels than that observed 
in group 2, by vasospastic retinitis, in some cases by functional cerebral, 
cardiac and renal insufficiency and by an average ratio of wall to lumen 
in the arterioles of pectoral muscle of 1: 1.4. 

I studied 14 patients belonging to this group; 8 were men and 6 
were women. They ranged in age from 36 to 69 years. The criteria 
which were met by each patient of this group were (1) a persistently 
high systolic and diastolic pressure, with a tendency toward fixation ; 
(2) myocardial change, as evidenced by measurable clinical cardiac 
enlargement, by electrocardiographic evidence of preponderance of 
the left ventricle and by significant alteration of the T wave; (3) mod- 
erate to severe renal damage, with albuminuria and sometimes with 
elevation of the concentration of urea in the blood, and (4) charac- 
teristic changes in the retina, comprising moderately severe narrowing 
and sclerosis of the retinal arterioles, retinitis with exudate and hemor- 
rhage but not edema of the disk. 

Most of the patients in this group had been aware of preexisting 
hypertension for a number of years, 2 of them for as long as ten years. 
The maximal systolic blood pressure in all but 2 cases was 200 mm. of 
mercury or greater. The heart was demonstrably enlarged on percus- 
sion in every case, and an apical systolic murmur was audible. Periph- 
eral sclerosis was of grade 2 in 5 cases and of grade 3 in 6. Arteriolar 
sclerosis of the vessels of the fundi was of grades 1 to 3, the majority 
of patients having severe involvement. Definite anemia, as evidenced 
by low concentration of hemoglobin, was encountered in 50 per cent 
of the cases. Relatively severe renal involvement was demonstrable 


before death in every case. Albuminuria of grade 1 was present in 2 
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cases, of grade 2 in 2 cases, of grade 3 in 7 cases and of grade 4 in 3 
cases. The concentration of urea in the blood was less than 40 mg. per 
hundred cubic centimeters in only 1 case and rose to a maximum of 
354 mg. in 1 instance. Death was caused by renal failure in 7 cases, by 
myocardial failure in 5, by intercurrent infection in 1 and by cerebro- 
vascular hemorrhage in 1. The following case is typical: 


Case 2.—The patient was a woman aged 36 years. There was no history of 
hypertensive disease in the family. Her previous illnesses were pneumonia, 
influenza, tonsillitis and toxemia of pregnancy. She had been aware of hyper- 
tension and albuminuria for three years, the symptoms being weakness, epigastric 
distress, vomiting, headache and visual failure. Physical examination showed rest- 
lessness, pallor, cardiac enlargement with an apical systolic murmur and bilateral 
basilar rales. The margin of the liver was 12 cm. below the costal arch. There 
was pretibial edema. The blood pressure varied between 190 and 260 mm. of 
mercury systolic and between 105 and 150 mm. of mercury diastolic. There were 
fixation of :he specific gravity of the urine and albuminuria (grade 3). The 
concentration of urea in the blood was 354 mg. per hundred cubic centimeters. 
Secondary anemia was marked, and the concentration of hemoglobin was 5.6 
Gm. per hundred cubic centimeters. The flocculation test of the blood for syphilis 
gave negative results. Peripheral sclerosis (grade 2) was present. Examination 
of the fundi gave evidence of severe angiospasm of the retinal and choroidal 
arterioles, with hemorrhages and cotton-wool exudates. Narrowing of the vessels 
was of grade 3, and sclerosis was of grade 2. Electrocardiographic examination 
gave evidence of an isoelectric T wave in lead I and a diphasic T wave in lead 
II. Death was caused by renal failure. The significant observations at necropsy 
were renal atrophy, cerebral infarction, acute pericarditis, hydrothorax, ascites and 
hypertrophy of the heart (weight, 433 Gm.). 

Group 4.—The condition in patients belonging to this group may 
represent an end stage of a disease of which the first three groups of 
patients exhibit the less severe forms, or it may be a distinct entity.’ 
It has been variously termed malignant nephrosclerosis ?° and malignant 
hypertension.'? Keith, Wagener and Kernohan showed that the most 
significant lesion associated with this disease was diffuse arteriolar 


15. Koenigsberger, C.; Bannick, E. G., and Beaver, D. C.: Acute Vasospasti« 


Hypertensive Disease with Transition into Malignant Hypertension: Final Report 
of a Case with Necropsy, Minnesota Med. 16:186-192 (March) 1933. Amberg, 
S.: Hypertension in the Young, Am. J. Dis. Child. 37:335-350 (Feb.) 1929. 
Craig, J.: Malignant Hypertension in Childhood, Arch. Dis. Childhood 6:157- 
164 (June) 1931. 

16. Klemperer, P., and Otani, S.: Malignant Nephrosclerosis (Fahr), Arch. 
Path. 11:60-117 (Jan.) 1931. Fahr, T.: Ueber maligne Nierensklerose (Kom- 
binationsform), Centralbl. f. allg. Path. u. path. Anat. 27:481-498, 1916. MacMahon, 
H. E., and Pratt, J. H.: Malignant Nephrosclerosis (Malignant Hypertension), 
Am. J. M. Sc. 189:221-235 (Feb.) 1935. 

17. Volhard, F.: Die doppelseitigen hamatogenen Nierenerkrankungen (Bright- 
’sche Krankheit), Berlin, Julius Springer, 1918. Keith, N. M.; Wagener, H. P., 
and Kernohan, J. W.: The Syndrome of Malignant Hypertension, Arch. Int 
Med. 41:141-188 (Feb.) 1928. 
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sclerosis, and in 1929 Kernohan, Anderson and Keith showed that in 
this group the mean ratio of wall to lumen in the arteriole of pectoral 
muscle was 1: 1. 

Clinically in these cases the readings of systolic and diastolic pres- 
sure are high and do not fluctuate to normal levels even with complete 
rest. There is a severe degree of sclerosis of the peripheral arteries. 
The involvement of the heart and kidneys is very marked, and there 
are symptoms of failure of these organs. The retinal picture is the 
most important single factor in distinguishing this group from the 
others. There are a severe degree of sclerosis, narrowing of the arterioles 
and distinctive neuroretinitis accompanied by papilledema and _ visual 
failure. Keith *® said he believed that despite the diffuse character of 
the lesion, one organ is predominantly involved and that this factor 
permits classification of the disease into (1) the cerebral type, in which 
attacks of hemiplegia are characteristic and cause death; (2) the cardiac 
type, in which the signs of cardiac failure predominate, with anginal 
attacks, pulmonary edema and generalized anasarca, and (3) the renal 
type, in which signs of a rapidly fatal renal failure are predominant. 
Characteristically, however, in the end stages there may be a combina- 
tion of cerebral, retinal, cardiac and renal failure. 

There were 43 patients in this group in my series; 31 were men and 


12 women. They ranged in age from 22 to 75 years, the majority 
being from 35 to 55 years old. Few of them had been aware of pre- 
existing hypertension for more than a short time prior to death. In 1 
case there was a history of hypertension of eight years’ duration, but 
this was unusual; the striking characteristic was the rapidly fatal out- 
come after the discovery of abnormal arterial tension. 


The maximal systolic blood pressure was less than 200 mm. of mer- 
cury in only 4 cases. The highest systolic pressure recorded, in 1 
instance, was 170 mm. of mercury. The highest systolic pressure for 
the group was 350 mm. of mercury. Peripheral sclerosis was severe in 
every case. There was clinical evidence of myocardial damage and 
failure. Electrocardiographic examination revealed significant altera- 
tions in the T wave in 29 cases. Retinitis and edema of the fundi were 
present in every case; the greatest degree of papilledema recorded was 
4D. Sclerosis of the retinal vessels of grade 2 was present in 23 cases 
and of grade 3 in 20 cases. Marked renal impairment was indicated by 
the presence of fixation of the specific gravity of the urine and albumin- 
uria. Albuminuria of grade 4 was present in 11 cases, of grade 3 in 15 
cases, of grade 2 in 10 and of grade 1 in 7. The concentration of urea in 
the blood was less than 40 mg. per hundred cubic centimeters in only 6 


18. Keith, N. M.: Classification of Hypertension and Clinical Differentiation 
of the Malignant Type, Am. Heart J. 2:597-608 (Aug.) 1927. 
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cases and reached the high concentration of 657 mg. in 1 case. Definite 
anemia was present in 65 per cent of the cases. Death was caused by 
renal failure in 26 cases, myocardial failure in 4, cerebrovascular acci- 
dent in 6, intercurrent infection in 5 and gastrointestinal hemorrhage 
in 2. The following case is typical : 

Case 3.—The patient was a man aged 29 years. His father died of cerebral 
hemorrhage; his mother had hypertension. He had scarlet fever at the age of 15 
years; other illnesses were smallpox, measles, chickenpox, mumps and diphtheria. 
Hypertension was discovered eight months before his admission to the hospital, 
when he sought advice because of failing vision. Subsequent symptoms were 
headache, nausea, vomiting, edema and loss of weight. He was thin and pale. 
Generalized peripheral sclerosis (grade 3) was present. The heart was enlarged, 
and there was a soft aortic systolic murmur. Examination of the fundi gave evidence 
of severe sclerosis (grade 3), of angiospastic retinitis and of bilateral papilledema 
of 3 D. Electrocardiographic examination gave evidence of a diphasic T wave in 
lead I. The blood pressure varied from 168 to 240 mm. of mercury systolic and 
from 104 to 150 mm. diastolic. There was a tendency toward fixation of the specific 
gravity of the urine, and there was albuminuria (grade 3). The eoncentration of 
urea in the blood was 492 mg. per hundred cubic centimeters. The concentration 
of hemoglobin was 8.5 Gm. per hundred cubic centimeters, and the flocculation 
test of the blood for syphilis gave negative results. The disease progressed rapidly, 
and death was caused by renal failure. At necropsy, hypertrophy of the heart 
(weight, 405 Gm.), marked renal atrophy, pericarditis and multiple cerebral 


petechiae were observed. 


RATIO OF WALL TO LUMEN OF THE NORMAL ARTERIOLE 


The four organs were studied in each of the 60 controls, and the 
mean ratio of wall to lumen in each case was determined. ‘There was 
equal division of the patients into six age groups, ranging from the 
ages of 20 to 79 years. The mean ratio for each age group and that 


TasBLe 1.—Mean Ratio of the Thickness of the Wall to the Diameter of the Lumen 
of the Arterioles of Normal Subjects 


Age Group Pancreas Liver Gastrointestinal Tract Spleen 
20-29 1:2.19 71.30 
30-39 1:2.10 21.32 
40-49... anaes : 32.42 1:2.15 21.33 
50-59. . ; : - 6 1 
60-69... 3 1: 
1 
1 


Mean ratio for whole group. 





for the whole group are recorded in table 1. It is immediately evident 
that age does not alter the ratio in any tissue, because the ratio is essen- 
tially identical for all age groups. 

In the pancreas the lowest ratio was 1: 2.04, the highest was 1: 3.07 
and the mean was 1:2.45. In the liver the lowest ratio was 1: 1.87, 
the highest was 1:2.86 and the mean was 1:2.31. In the gastro- 
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intestinal tract the lowest ratio was 1: 1.89, the highest was 1: 2.44 
and the mean was 1:2.13. For this tissue, in the normal persons as 
well as in the hypertensive patients, no single isolated portion was 
taken, but any part from the esophagus to the rectum was considered 
as representative. In the spleen the lowest ratio was 1: 1.04, the highest 
was 1: 1.6 and the mean was 1: 1.32. 

These results agree fundamentally with the normal values other 
workers have used, and, with the exception of the spleen, the ratio is 
approximately 1:2, which is the ratio which Kernohan and_ his 
co-workers concluded was normal for all tissues. 


MEASUREMENTS OF ARTERIOLES OF HYPERTENSIVE PATIENTS 


Group 2.—There were only 9 patients in this group, insufficient for 
subdivision into different age groups. 

In the pancreas the lowest ratio of wall to lumen was 1: 1.33, the 
highest was 1: 1.93 and the mean was 1:1.63. In the liver the lowest 


TABLE 2.—Mean Ratio of the Thickness of the Wall to the Diameter of the Lumen 
of the Arterioles of Normal Subjects in Comparison with the Corresponding 
Ratio of the Arterioles of Hypertensive Patients 








Organ Controls Group 2 Group 3 Group 4 
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ratio was 1:1.51, the highest was 1: 1.83 and the mean was 1: 1.71. 
In the gastrointestinal tract the lowest ratio was 1:37, the highest 
was 1:1.75 and the mean was 1:1.56. In the spleen the lowest ratio 
was 1:0.99, the highest was 1: 1.47 and the mean was 1: 1.24. 

By reference to table 2, it is evident that the ratio of wall to lumen 
in this group is altered distinctly in each tissue as compared with the 
normal. This alteration is brought about by thickening of the arteriolar 
wall and by reduction of the caliber of the lumen. 

Group 3.—In this group were included 10 patients for each tissue 
studied, except that tissue representative of the gastrointestinal tract 
was studied in only 7 cases. 

In the pancreas the lowest ratio of wall to lumen was 1: 1.17, the 
highest was 1: 1.51 and the mean was 1:1.33. In the liver the lowest 
ratio was 1:1.1, the highest was 1: 1.6 and the mean was 1: 1.33. In 
the gastrointestinal tract the lowest ratio was 1: 1.01, the highest was 
1: 1.32 and the mean was 1:1.15. In the spleen the lowest ratio was 
1: 0.84, the highest was 1: 1.26 and the mean was 1: 1.09. 
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When the mean value for each tissue is compared with the normal 
value, the great alteration of the ratio incident to hypertension is evident 
(table 2). 

Group 4,—There were 43 patients in this group, a sufficient number 
to make it possible to subclassify them into different groups according 
to age, as was done for the normal persons. The results when tabulated 
(table 3) indicate that, as in normal persons, in hypertensive patients 
age has no bearing on the ratio of the thickness of the wall of the 
arteriole to the diameter of its lumen. 

In the pancreas the lowest ratio was 1: 0.94, the highest was 1: 1.61 
and the mean was 1: 1.24. In the liver the lowest ratio was 1:09, the 
highest was 1: 1.61 and the mean was 1:1.14. In the gastrointestinal 
tract (this tissue was obtained from only 18 patients), the lowest ratio 
was 1:1, the highest ratio was 1:1.42 and the mean was 1:1.14. In 
the spleen the lowest ratio was 1: 0.85, the highest was 1: 1.24 and the 
mean was 1: 1.04. 


TaBL_eE 3.—Mean Ratio of the Thickness of the Wall to the Diameter of the Lumen 
of the Arterioles of the Hypertensive Patients of Group 4 


Age Group Pancreas Gastrointestinal Tract Spleen 
20-29 
30-39. 


1 

1:1.13 
40-49. 131.1 
1: 


60-69. 


] 
1 
1 

50-59. 13 
1 
70-79. 1 
l 


Mean ratio for whole group 71.24 


By referring again to table 2, the uniform alteration of the ratio 
for each tissue from the different groups of hypertensive patients as 
compared with the normal values is readily apparent. This alteration 
is greatest in the groups of the more severely hypertensive patients 
(groups 3 and 4) ; hence it seems reasonable to assume that the thick- 
ness of the wall of the arteriole and its relation to the diameter of 
the lumen of the arteriole are directly dependent on the severity of the 
disease. The effect of hypertension is widespread and affects all the 
tissues studied. Even in the spleen there are definite, consistent alter- 
ations, although its arterioles normally have a thick wall and, it seems, 
are better able to withstand the burden of increased vascular tension than 
are the arterioles of other organs. 

Figures 2 to 5 are graphic representations of the ratio of the thick- 
ness of the wall of the arteriole to the diameter of its lumen for all the 
patients. Each point represents a measured ratio of wall to lumen in 
1 case. To indicate the mean about which the values for each group 
of hypertensive patients and normal subjects are arranged, lines have 
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been drawn from zero through the point which represents the mean for 
that group. There is practically no overlapping of the values for the 
normal and the hypertensive subjects except in the case of the spleen. 
This is not surprising, because in the spleen the difference between the 
ratio for the normal arteriole and that for arterioles representative of 
those of the patients in group 4 is not particularly great. These figures 
indicate that because the points have a relatively narrow dispersion, the 
changes are not those which affect isolated vessels ; rather, they are those 
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Fig. 2.—Ratio of the thickness of the wall to the diameter of the lumen in the 
arterioles of the pancreas. The continuous lines represent the mean ratios for 
each group. 


which affect uniformly all vessels of equal size. Because the angle 
which the line representing mean values subtends with the abscissa is 
representative of the ratio of wall to lumen, it is evident that an iden- 
tical situation exists for the arterioles of all tissues studied, namely, 
that the greatest deviation of the ratio from normal uniformly depends 
on the severity of the disease. The patients in group 4 showed a ratio 
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of nearly 1:1; those in group 2, a ratio nearest normal (1:2), although 
it was likewise definitely altered. The ratios for the patients in group 
3 were little different from those for the patients in group 4 but were 
distinctive enough to lend pathologic justification to such a clinical 
grouping. 
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Fig. 3—Ratio of the thickness of the wall to the diameter of the lumen in 
the arterioles of the liver. 


HISTOLOGIC CHANGE IN THE ARTERIOLE 

Interpretation of histopathologic change in the arteriole in hyper- 
tensive patients hag provoked much controversy among students of this 
subject. There has not been uniform agreement that Johnson was cor- 
rect in his original view, that the important change was hyperplasia and 
hypertrophy of the muscular elements of the media, or that Gull and 
Sutton ?® were correct in their observance of the predominance of 
hyaline, fibroid degeneration. 


19. Gull, W. W., and Sutton, N. G.: On the Pathology of the Morbid State 
Commonly Called Chronic Bright’s Disease with Contracted Kidney (‘“Arterio- 
capillary Fibrosis”), Tr. Roy. Med.-Chir. Soc. 55:273-326, 1872. 
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Fig. 4.—Ratio of the thickness of the wall to the diameter of the lumen in the 
arterioles of the gastrointestinal tract. 
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Fig. 5.—Ratio of the thickness of the wall to the diameter of the lumen in the 
arterioles of the spleen. 
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Degenerative changes have been emphasized by Jores,?° Fishberg,?! 
Cain ** and more recently Andrus. Substantiation of Johnson’s original 
thesis has been offered by Jores in some cases, Fahr,?* Brogsitter,** 
Kernohan and his co-workers, Moritz and Oldt and others. Moritz 
and Oldt made out three principal types of chronic disease of the arteri- 
oles. They expressed the belief that the hyalinized intima which they 
observed was the arteriolar counterpart of simple arteriosclerosis and 
that it was essentially a degenerative change. They regarded hyper- 
trophy and degeneration of the media as changes incident to stretching 
of the vessel, and they noted hypertrophy of the media with greater 
frequency in hypertensive than in nonhypertensive persons. They also 
noted hyperplasia of the endothelium, which when it occurred in hyper- 
tensive patients was interpreted as representative of primary vascular 
inflammation or of an accelerated form of arteriolar sclerosis. 

In my study thickening of the wall of the vessel was one of the 
conditions most constantly observed and was present in all groups of 
hypertensive patients. Vessels of equal caliber were not affected 
equally, but all showed some degree of change; this was true for the 
pancreas, liver, gastrointestinal tract and spleen. Thickening of the 
wall accompanied less severe degrees of hypertension (group 2) as well 
as the more severe forms. The histologic change which occurred in the 
arterioles of the patients in group 2 was apparently an increase in the 
muscular elements of the media, with thickening of the intimal and sub- 
intimal laminas. 

Changes in the arterioles of the hypertensive patients of groups 3 
and 4 were practically indistinguishable, except that in the latter group 
the changes were somewhat more profound than those in the other 
groups. The arterioles were affected essentially in the same way in the 
different tissues, although the pancreas seemed to suffer most severely. 
The changes in the arterioles of the spleen were not remarkable, as 
this tissue suffered rather severe arteriosclerotic changes normally, 
although mensuration revealed uniform but slight thickening of the wall. 


The liver and gastrointestinal tract were affected equally. 


20. Jores, L.: Ueber die Arteriosklerose der kleinen Organarterien und ihre 
Beziehungen zur Nephritis, Virchows Arch. f. path. Anat. 178:367-406, 1904. 

21. Fishberg, A. M.: Anatomic Findings in Essential Hypertension, Arch. Int. 
Med. 35:650-668 (May) 1925. 

22. Cain, E. F.: Malignant Hypertension: The Histologic Changes in the 
Kidneys, Arch. Int. Med. 53:832-850 (June) 1934. 

23. Fahr, T.: Ueber die Beziehungen von Arteriolensklerose: Hypertonie und 
Herzhypertrophie, Virchows Arch. f. path. Anat. 239:41-63, 1922. 

24. Brogsitter, A. M.: Zur Anatomie der Splanchnikusgefasse beim Hochdruck, 
Miinchen. med. Wehnschr. 2:1049-1051 (Aug. 1) 1924. 
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In the pancreas (fig. 6.4) there was increase in the muscular ele- 


ments of the media of the less severely involved arteriole, and there 
was thickening of this layer. There was also thickening of the intimal, 
subintimal and the adventitial layers. Sometimes there was associated 
replacement of the media by fibrous tissue. The internal elastic lamina 








Fig. 6—Photomicrographs of arterioles of a hypertensive patient of group 4. 
A, an arteriole of the pancreas, showing the thickened elastic lamina and the 
necrosis of the subintimal layer. The outside diameter of the arteriole is 100 
microns (elastin H stain, x 320). B, an arteriole of the pancreas, showing the 
extreme thickening of the wall and the obliteration of the lumen. The outside 
diameter of the arteriole is 100 microns (hematoxylin-eosin stain, « 350). C, an 
arteriole of the liver, showing the thickened wall and the hyperplasia of the cellular 
elements of the media and the intima. The outside diameter of the arteriole is 45 
microns (elastin H stain, x 825). D, an arteriole of the stomach, showing the 
increase of endothelial cells of the intima and the fibrosis of the media. The 
outside diameter of the arteriole is 90 microns (Van Gieson stain, « 325). 
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was hypertrophied and split in many cases. The greatest degenerative 
changes occurred in vessels in which marked thickening of the wall had 
occurred (fig. 68). In these most of the increase in thickness of the 
wall was caused by proliferation and hyalinization of the intima. In 
many vessels the change went on to complete closure of the lumen, 
with resultant infarction and necrosis of the portion of tissue supplied. 

Figure 6C is representative of arteriolar changes observed in the 
liver. The increased thickness of the wall and the reduction of the 
diameter of the lumen are evident. The change in these vessels was pre- 
dominantly hyperplasia of the nuclear elements of both the media and 
the intima. There were fibrosis of the adventitia and some replacement 
of the media by fibrous tissue, but in these cases hyperplasia of the 
intima and subintima leading to occlusion of the lumen was seen infre- 
quently. 

The arteriolar changes in the gastrointestinal tract (fig. 6 D) closely 
resembled those noted in the liver. Thickening of the wall was sub- 
servient primarily to hyperplasia of the nuclear elements in the intima 
and media, with superimposed fibrosis, which was lamellated in some 
instances and homogeneous and hyaline in others. 


COM MENT 

Examination of arterioles of the pancreas, liver, spleen and gastro 
intestinal tract of the normal person gave no evidence of measurable 
change in the walls due to age. Marked measurable thickening of the 
arteriolar wall and reduction of the ratio of wall to lumen as compared 
with the normal ratio were noted in hypertensive patients of all ages. 
Thickening of the wall and the reduction of the ratio of wall to lumen 
were greater among those with more severe hypertension. 


Arteriolar measurements lend justification to the clinical grouping 


of hypertensive patients. It is apparent that the more severely hyper- 


tensive patients of groups 3 and 4 exhibit anatomic changes in the 
arterioles which are closely parallel and more closely related to each 
other than they are to the changes of less severity that are typical of 
the arterioles of the hypertensive patients of group 2. 

Of the four types of tissue studied, the pancreas gave evidence of 
the most pronounced changes in the arterioles when considered purely 
from the histologic standpoint ; but when these changes were evaluated 
in the light of measurable factors it appeared that, as a tissue, the 
pancreas did not suffer changes in the arterioles to a significantly greater 
degree than did the liver or the gastrointestinal tract. All arterioles 
of equal size in these four organs were not affected equally, but when 


compared with normal ones all showed some degree of change. 
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Hyperplasia of the nuclear elements of the media appeared to be 
one of the earlier changes. Degeneration and fibrosis appeared to be 
later changes. If these observations are compared with those of Cain, 
of Kernohan and his co-workers and of Moritz and Oldt, the close 
analogy is striking. Kernohan stressed hypertrophy of the media in the 
arteriole of voluntary muscle of hypertensive patients. Certainly hyper- 
trophy of the media has played a part in the changes in the vessels of the 
hypertensive patients of my series. Degenerative changes in the intima 
are prominent, however, in the more severely damaged vessels and 
comprise the greater part of the extremely thickened wall. 

Considering the evidence compiled by previous workers, the changes 
that I have observed appear to substantiate the hypothesis that one of 
the significant and consistently seen conditions among hypertensive 
patients is generalized alteration of the arteriolar system, of uniform 
character and degree in different organs but varying in degree in pro- 
portion to the severity of the disease. Odel,*° in a study of the myo- 
cardium, demonstrated that even in this tissue, which heretofore has 
been considered immune to arteriolar change associated with hyperten- 
sion, there is consistent alteration of the arteriole in cases of severe 
hypertension. He indicated however, that the changes were much less 
pronounced than those which I have noted. 

Why these changes in the vessels occur and what their true relation 
to hypertension is has not been explained. Whether they represent 
hypertrophy caused by increased work secondary to hypertension, as 
Johnson first postulated, or whether they are primary and by their 
presence can cause increased peripheral resistance, thus producing hyper- 
tension, is not known. However, from the evidence of previous studies 
and the results of this investigation it seems justifiable to conclude that 
generalized changes in arterioles occur in association with hypertension, 
that these changes are anatomic and that they are recognizable by virtue 
of measurable factors and of comparative standards, as demonstrated 
by histologic methods. 


25. Odel, H. M.: Personal communication to the author. 
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Interest in compounds that produce a rise in blood pressure was 
aroused by Oliver and Schafer? in 1894, when they found that extracts 
of the adrenal gland when injected intravenously into animals produced a 
rise in blood pressure. Intensive study of the gland was begun by 
Abel,? von Furth * and Takamine.* It remained for Aldrich °® to dem- 
onstrate the true formula for epinephrine, although the value of Abel’s 
contributions is well recognized by the scientific world and it is he 
who is generally accorded the credit for the first isolation of the 
principle. This principle he named “epinephrin,”’ while von Firth 
and Takamine, respectively, suggested the names “suprarenine’’ and 
“adrenalin.” 

Since the isolation of epinephrine, investigators have attempted to 
produce more active compounds with more prolonged effectiveness by 
modifying the structure of the molecule. Although a few changes have 
resulted in more active preparations, these, in turn, have been found 
too toxic for clinical use ; while the compounds with longer effectiveness 
do not possess the activity of epinephrine. 

The speed and duration of absorption of any compound which is 
injected subcutaneously or intramuscularly depend chiefly on the solu- 


From the Protein Clinic, Department of Medicine, and the Department of 
Pediatrics, Johns Hopkins Medical School and Hospital. 

1. Oliver, G., and Schafer, E. A.: On the Physiologic Action of Extract of 
the Suprarenal Glands, J. Physiol. 16:1P, 1894. 

2. Abel, J. J.,and Crawford, A.G.: On the Blood-Pressure-Raising Constituent 
of the Suprarenal Capsule, Bull. Johns Hopkins Hosp. 8:151, 1897. Abel, J. J.: 
Further Observations on the Chemical Nature of the Active Principle of the Supra- 
renal Capsule, ibid. 9:215, 1898. 

3. von Fiirth, O.: Neuere Untersuchungen tiber die chemische Zusammen- 
setzung der gefassverengernden Substanz in den Nebennieren, Biochem. Centralbl. 
2:1, 1903. 

4. Takamine, J.: The Blood-Pressure Raising Principle of the Suprarenal 
Gland, J. A. M. A. 38:153 (Jan. 18) 1902. 

5. Aldrich, T. B.: A Preliminary Report on the Active Principle of the Supra- 
renal Gland, Am. J. Physiol. 5:457, 1901. 
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bility of the original compound ; on the absorbing area, which is depen- 
dent on the spreading of the injected substance in the tissues, and on 
the dosage. Watery solutions are rapidly absorbed because they spread 
as soon as injected, thereby forming a large surface for contact with 
the tissues. The diffusion of oily suspensions through the tissues is 
hindered by the film of oil. The oil also prolongs absorption by restrict- 
ing the contact of the compound with the tissues (Sollmann °). 

A suspension of epinephrine in oil, according to these theories, 
should be more slowly absorbed than the watery and commonly used 
solution of epinephrine hydrochloride. Recently, one of us (EF. L. K.") 
briefly reported on the prolonged effectiveness of such a suspension. 
Strauch * had previously attempted to delay the absorption of epinephrine 
and other drugs by preparing emulsions of these substances, but no 
attempt had ever been made, prior to that reported by one of us,’ to 
prepare a suspension of the powdered epinephrine base in a vegetable oil. 

Although many compounds in vegetable oils are injected subcu- 
taneously and intramuscularly, little is known of what actually happens 
to the oil itself. Binet ® studied the absorption of olive oil injected 
subcutaneously into rabbits and has shown that the oil spreads through 
the subcutaneous tissues and finally reaches the interstices of the muscles. 
The oil is divided into droplets, which, in turn, become encysted, and 
the walls of these cysts soon become infiltrated with mononuclear cells, 
which digest the oil. The chemical changes, he stated, point to saponifica- 
tion, with liberation of the fatty acids. The same author has shown 
that the absorption of substances in combination with the oil is rapid 
in comparison with that of the oil, which may remain in situ for months. 
Schick and his co-workers '° injected 2,250 Gm. of olive oil subcu- 
taneously into an 11 year old patient over a period of forty-one days 
and observed only a few remaining areas of swelling. 

Dr. Carl G. Hartman, of the Carnegie Institute, made it possible 
for us to observe 4 monkeys which for many months had received 


subcutaneous injections of progynon (a solution of estrogen containing 


6. Sollmann, T.: A Manual of Pharmacology, ed. 5, Philadelphia, W. B. 
Saunders Company, 1936. 

7. Keeney, E. L.: A Slowly Absorbed Epinephrine Preparation: Preliminary 
Report, Bull. Johns Hopkins Hosp. 62:227, 1938. 

8. Strauch, C. B.: Repository Injections: How To Obtain Lasting Effects 
with Injected Water-Soluble Medicaments Such as Insulin and Epinephrine, J. A. 
M. A. 92:1177 (April 6) 1929. 

9. Binet, L.: Absorption of Oil Injected Subcutaneously, Bull. et mém. Soc. 
méd. d. hop. de Paris 49:1458, 1925. 

10. Schick, B.; Fries, M.; Kohn, J., and Cohen, P.: Observations of the 
Nutritional Effect of Subcutaneous Oil Injections, Proc. Soc. Exper. Biol. & Med. 
21:445, 1924. 
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estrone [theelin] and some other substances) in corn oil. Four small 
subcutaneous nodules were palpated in the monkey that had received 
one hundred and thirty-one injections of 0.14 cc. of the oil. No nodules 
could be felt in the 3 other monkeys, that had received one hundred and 
thirty-five, sixty-five and thirty injections, respectively. 

Although there is no experimental work on record which endorses 
one vegetable oil over another as a vehicle for an injectant, peanut oil 
and olive oil are more commonly used than other types. Of these two 
oils, the former is considered to be less irritating because it generally 
contains fewer excess fatty acids. For this reason we have used peanut 
oil in preparing suspensions of epinephrine in oil. The method of 
preparing and administering this form of epinephrine, although it was 
briefly described previously,’ will be included here in detail. 


METHOD OF PREPARATION AND ADMINISTRATION 


The peanut oil is first washed in a separatory funnel with 97 per cent alcohol 
in order to remove excess fatty acids. The washing is repeated until the super- 
natant alcohol becomes colorless. Two hundred cubic centimeters of oil is washed 
with approximately 100 cc. of alcohol. The oil is then sterilized by means of dry 
heat. 

Twenty cubic centimeters of the sterile oil is placed in a 30 cc. dry-sterilized 
vaccine bottle, and to this is added 40 mg. of finely powdered epinephrine base that 
has been weighed under as sterile conditions as possible. A rubber stopper, which 
has been sterilized in an autoclave, is inserted. The pipets used in transferring 
the oil to the vaccine bottles are dry sterilized. All precautions, therefore, are 
taken to prevent contamination with water and, in turn, oxidation of the epinephrine. 

The powdered epinephrine is suspended in the oil as a result of vigorous shaking 
and then exposed to supersonic vibrations. The supersonic apparatus that we used 
had a vibration frequency of 350,000 per second. Frictional heat is evolved during 
the process of irradiation, and because of this the exposure is carried out in two 
stages of three and one-half minutes each, with an intervening ten minute period 
of cooling. The effect of the irradiation is to reduce the size of the original 
particles of epinephrine and to cover them thoroughly with a film of oil. Occluded 
air bubbles are also removed. 

The formation of a suspension of this type 1s dependent on Stokes’ law—the 
velocity of a following particle is in direct ratio to the diameter and the specific 
gravity of the particle, and the viscosity of the fluid through which it descends. 

The powdered epinephrine was not sterilized before being added to the oil, and, 
for this reason, aerobic and anaerobic cultures were made of the epinephrine in oil 
before any injections were given. The material was always found to be sterile." 

Dry-sterilized syringes and needles are used in administering the epinephrine 
in order to prevent contamination with water. Although the material is preferably 
given subcutaneously, intramuscular injections are made if the patient complains 


11. Recently we found that epinephrine in oil can be sterilized by being placed 


in an autoclave for fifteen minutes at 15 pounds (6.8 Kg.) of pressure. Although 
the heat changes the color of the epinephrine powder from white or buff to light 
tan, there is no appreciable change in the physiologic activity and clinical effective- 
ness of the preparation. ‘ 
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of great discomfort from the subcutaneous administration. Numerous consecutive 
intramuscular injections can be given without the slightest discomfort. 

Sedimentation of the particles of epinephrine can be retarded by keeping the 
material in a refrigerator. Epinephrine in oil is not labile and should last indefi 
nitely if contamination with water is prevented. 


PLAN OF STUDY 
Epinephrine in oil was administered to 4 patients with chronic bronchial asthma 
and 7 patients with chronic asthmatic bronchitis who had been taking regular daily 
injections or inhalations of epinephrine hydrochloride over periods ranging from 
three months to eight years. A decrease in the number of asthmatic attacks with 
less frequent administration of epinephrine in such cases indicated that the 


epinephrine in oil was slowly absorbed and that it possessed a prolonged effective- 


ness. The comparative effectiveness of epinephrine hydrochloride and epinephrine 
in oil was observed in 11 patients during one or more acute paroxysms of asthma. 
In a similar manner, observations were made on a patient with urticaria and 
another with serum sickness. 

The hyperglycemic response to epinephrine in oil was observed in 5 patients, 
and the results were compared with those obtained after the administration of 
epinephrine hydrochloride to the same patients. The cardiovascular response to 
epinephrine in oil was noted in 3 cases. Although no observations were made by 
us on the cardiovascular response to epinephrine hydrochloride, sufficient data on 
the subject are available in the literature to allow us to make fairly accurate 
comparisons. 

RESULTS AND REPORTS OF CASES 

Observations on patients with chronic bronchial asthma. 

CasE 1 (chart 1).—Miss D. D., a 21 year old white woman, was known to have 
had asthma for the past ten years. She had been found hypersensitive to dust, 
orris, feathers and ragweed, for which she had been treated off and on for the 
past six years. For three months prior to treatment with epinephrine in oil she 
had had frequent recurring paroxysms of asthma, for which she administered to 
herself epinephrine hydrochloride subcutaneously. From October 29 to November 
30 an accurate daily record was kept of the number of asthmatic seizures and the 
necessary injections of epinephrine hydrochloride. Treatment with epinephrine in oil 
was carried out at her home. The details and the results of such therapy during 
a nineteen day period of study are accurately depicted in chart 1. The epinephrine 
in oil was administered subcutaneously in the upper portion of the arm from Novem- 
ber 30 to December 6. During this period she complained of soreness at the site 
of each injection and some redness, with swelling. Induration was noted. There- 
fore an attempt was made to reduce the quantity of oil injected by preparing a 
more concentrated suspension. Fifteen minutes after the administration of this 
suspension she experienced palpitation and nervousness, which lasted for forty-five 
minutes. No such symptoms had previously been noted. On December 7 the 
original suspension was reinstituted, but the injections were made intramuscularly 
in the buttock. There was no discomfort at the site of injection, and no untoward 
symptoms referable to the epinephrine followed. Thereafter all injections were 
made in this way. On December 15 she was given an injection of epinephrine in 
oil which had not been exposed to supersonic influence. On the following day an 
injection of the material which had been irradiated for seven minutes was given, 





KEENEY ET AL—EPINEPHRINE IN OIL 123 


and the day after a specimen that had been irradiated for fourteen minutes was 
administered. There was no difference in the clinical effectiveness of the three 
preparations. The patient left Baltimore on December 18. 


CAsE 2 (chart 2).—J. D., a 30 year old white man, married, was known to have 
had asthma and hay fever for twenty years. He had been found hypersensitive 
to dust, orris and ragweed, for which he had been treated for the past four years. 
For three years he had not been able to sleep a night through because of asthma, 
attacks occurring regularly at 3 a. m. and again at 6 a. m. A nebulizer for 
epinephrine hydrochloride had been employed to provide relief. Because of the 
constant, regular occurrence of asthma, night after night, the patient was an 
unusually good subject on whom to test the prolonged effectiveness of epinephrine 


wouRS  AM8.9 . 10+ 1201521351455, Gifs Bee lO: 0 NO a Sa et 
yi oso i) aa | Oy es 07 
Ocr. 24,1991, 7O apie si | ¥ 7 A & 
NOV 30.1937 —— 





01s Sy Y om Sy 


OV: DOO oa Fac i sees 
ee ao os Sy ow Sy 
DEC. 2 ‘ , ae 
: e307 O7 eS] 
dee A _=_ —— ——— 
; ~ OF OF+2EA O30Y EPINEPHRINE IN OlL TO °30 030 03 O 1 #2EA 0301 2€A090] #2 £4 
BE OMITTED THIS DAY x re" | rt A 


“Os i ab reSsy 
O3OL EPINEPHRINE IN OU TO o3s0Z Po a OF26A 20a - 26} OT+2EA 
UA a A =< — . Ee a a 


os0q or S] awe PREPARED SO THAT O1 Cc. roe 8 a 


JEC TION Fo.LLOwe 
eee Eee staal cat 
e307 os o _ res} 


PALPI TATION +nervousne $3 LASTING 45 
be | 


03 O77 EPINEPHRINE IN OIL TO 030 ©3074 
BE OMITTED THis DAY r¢ 


oe sy] roST 





030 ~~ —:° a 5 ow 5s] 


hai iai Se EEE . 
TEA QLPINEPURINE HOW L-0.3 O e307 °3 0 S30 S307 ssO7 
Bro Sc Omrreo gg © : = mm mm _ 
es OT e307 oe ST] 








—_——JASTHMA ENTIRE NIGHTS AFRAID ToL— 
3074 sine | TAKE EPINEPHRINE 
© 





ow Ss] NOT IRRADIATED 


0.75 SJtraoaven Tmin 





0.15 SJMRAIATED 14min 











Chart 1.—In charts 1 to 8, inclusive, the blackened areas represent attacks of 
asthma. The arrows indicate the administration of some preparation of epinephrine 
O indicates “ordinary” epinephrine hydrochloride (in milligrams); S, slowly 
absorbed epinephrine in oil (in cubic centimeters) ; EA, capsules of ephedrine and 
amytal, and N, nebulized epinephrine hydrochloride (1: 100). This chart gives the 
data for a woman aged 21 (case 1). 


in oil. With 0.65 cc. given at 7 p. m., he was able to sleep the night through, free 
from asthma (February 25). Senties, when the same dose was administered at 
5 p. m. (February 18), the attack occurred as usual. It seemed, therefore, that 
this dose of epinephrine in this case was effective for eight hours but not for ten 
hours. All the treatments were given at the patient’s home. The injections were 
made subcutaneously in the upper portion of the arm, and no discomfort at the 
site of injection was experienced. Larger doses might have been effective for 
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longer intervals, as in other cases; but because they produced headache, palpitation 


and nervousness we felt it inadvisable to subject him to this discomfort. 


4 


Case 3 (chart 3).—B. B., a 35 year old white man, married, was known to have 
had asthma for the past two years. During this time he had spent sleepless 
nights because of persistent asthma, which was slightly ameliorated by the frequent 
and repeated use of a nebulizer containing epinephrine hydrochloride. Small 
injections of epinephrine hydrochloride were said to have made him nervous. During 
study of his case in the Johns Hopkins Hospital, all cutaneous tests gave negative 
reactions, but an infection in the paranasal sinuses was discovered. After an 
operation on the sinuses his symptoms were alleviated. Prior to the operation he 
was treated with epinephrine in oil, which gave him his first nights free from 
asthma in two years. All injections were made subcutaneously in the upper portion 
of the arm. He complained of slight soreness at the site of administration, which 
lasted only twenty-four hours, but there was no induration, swelling or redness. 


Case 4.—Mrs. R. G., a 48 year old white woman, had complained of asthma 
for the past two years. During this period she had used a nebulizer containing 
epinephrine hydrochloride two or three times every night, thereby obtaining only 
temporary and partial relief from symptoms. For two weeks prior to the usage 
of epinephrine in oil the asthma had become worse, so that it was necessary for het 
to use the nebulizer three or four times every day and every night. At 5:45 p. m. 
on April 7, 1938, a mild attack of asthma occurred while she was at our office, 
and she was given 1.25 cc. of epinephrine in oil. She experienced relief from 
her symptoms in forty-five to sixty minutes and remained free from asthma for 
the following twenty-four hours. This was her first night free from symptoms in 
two years. At 5 p. m. the following day she was given a similar injection, and 
again she slept a night free from asthma. With two injections of 1.25 cc. of 
epinephrine in oil she had remained free from symptoms for forty-eight hours. 
Although her history suggested an inhalant type of bronchial asthma, sufficient 
studies had not been made to determine the exact nature of the allergy. The 
injections of epinephrine in oil were made subcutaneously in the upper portion of 
the arm. There was slight soreness at the site of each injection for the following 
forty-eight hours, but there was no swelling, induration or redness. 


Observations on patients with chronic asthmatic bronchitis. 

Case 5 (chart 4).—Miss B. T., a 50 year old white woman, was known to have 
had asthmatic symptoms for the past ten years. She had had a complete study 
for allergy, with negative findings. A chronic sinus infection had been treated at 
various intervals vy operative procedures, and after each operation she remained 
free from asthma for six to eight weeks. At the end of this period the previous 
symptoms would return with the usual severity. For the past three years she had 
resorted to frequent daily injections of epinephrine hydrochloride to obtain relief 
(chart 4). The asthma was generally so severe at night that she was forced to 
sit upright in bed. With one injection of epinephrine in oil at 8 p. m., she was 
able to lie flat in bed and sleep most of the night, but it was generally necessary 
for her to have an injection of epinephrine hydrochloride about 3 a. m. However, 
a few nights were spent entirely free from symptoms. With an injection of 
epinephrine in oil in the morning and one in the evening, she remained comfortable 
for twenty-four hours. With such a regimen it was necessary for her to have an 
additional injection of epinephrine hydrochloride, but never more than two a day. 
After the use of epinephrine in oil was stopped, the asthmatic attacks gradually 
reappeared, with the usual frequency and severity. 
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All treatment with epinephrine in oil was carried out at the patient’s home 

The injections were made subcutaneously in the gluteal region, and induration and 

redness, lasting for forty-eight hours, occurred at the site of administration. Sub 

cutaneous injections of codeine sulfate and Schlesinger’s solution also produced 

local reactions, which, however, were less severe than those produced by epinephrine 

in oil, 
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Chart 2.—Data for a man aged 30 
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Chart 3.—Data for a man aged 35 (case 3). 


Case 6 (chart 5).—R. H., a 42 year old white man, married, was known to 
have had attacks of asthma for the past eighteen months. Eight months prior t 
his admission to the Johns Hopkins Hospital the attacks had become frequent, 
and sleep had consisted of one to three hour naps between attacks. For relief 
from these attacks he had received frequent injections of some foreign epinephrine 
preparation. During his first twenty-four hours in the hospital the attacks of 
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asthma were frequent and severe, but he insisted that this period represented his 
average day and night. He received gratifying relief from injections of epinephrine 
in oil, but it was not until large doses were administered (2 cc. on January 5) that 
he had his first night entirely free from asthma. Even with such large doses there 
were no symptoms of nervousness or palpitation. A single subcutaneous injection 
of epinephrine in oil produced swelling, induration and redness, which lasted for 
forty-eight hours, while numerous and consecutive intramuscular injections resulted 
in only slight discomfort. During the course of diagnostic study, all tests for 
hypersensitivity gave negative results. A sinus infection was found, and an operation 
was performed on January 10. He remained free from asthma for the following 
six weeks; then his symptoms reappeared with equal severity, despite the fact that 
there was no recurrence of the sinus infection. 

Case 7 (chart 6).—S. S., a 65 year old white man, married, was known to have 


had asthma for the past eighteen years. All cutaneous tests for hypersensitivity 
gave negative results. Ten years before entry, temporary relief for ten months 
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Chart 5.—Data for a man aged 42 (case 6). 


had followed a radical operation on the antrum. Since that time further nasal 
operative treatment was thought unnecessary, but his attacks of asthma had become 
more frequent. For the past eight years he had had an average of eight injections 
of epinephrine hydrochloride in twenty-four hours. With one injection of epi- 
nephrine in oil, he was able to go nine hours without asthma, but a night entirely 
free from symptoms was never obtained. During an unusually severe attack of 
asthma (January 28), when he had found it necessary to take hourly injections 
of epinephrine hydrochloride, the epinephrine in oil provided relief for four hours 
\ll treatments were given at his home. The injections were made subcutaneously 
in the upper portion of the arm. Although there was slight soreness at the site 
of injection for twenty-four to thirty-six hours, swelling, redness and induration 


never occurred. 


Case 8 (chart 7).—D. C., a 60 year old white physician, married, was admitted 
to the Johns Hopkins Hospital on Jan. 25, 1938, because of asthma for the past 


eight years. All cutaneous tests for hypersensitivity gave negative results; various 
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nasal operations in the past had provided only temporary relief. For the past five 
years he had had an average of ten injections of epinephrine hydrochloride eacl 
twenty-four hours. On January 20 he was given 1.5 cc. of epinephrine in oil intra- 
muscularly in the buttocks. After the injection he remained without asthma for 
sixteen hours and experienced his first night free from symptoms in five years. 
However, five minutes after the injection he complained of nervousness, palpitation 
and irregular cardiac action, which lasted for sixty minutes. Because of the rapid 
appearance of these symptoms it was the impression that part of the material had 
entered a small blood vessel during the injection. 

The patient was discharged from the hospital the following day and was given 
a supply of epinephrine in oil to administer to himself. Because of the unfortunate 
symptoms which followed the first injection that was given to him, he was advised 
to administer the material subcutaneously in small amounts and to increase the 
dose at his discretion. The data from which the chart was constructed were 
thus obtained from the patient and not by direct observation. He reported that 
mild redness and induration were noted at the site of injection for twenty-four 
to forty-eight hours. 
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Chart 6—Data for a man aged 65 (case 7). 


CAsE 9 (chart 8).—J. U., a 28 year old Negro, single, was known to have had 
asthma for the past three years. Cutaneous tests for hypersensitivity gave negative 
results. Exhaustive surgical treatment of the nose and throat had failed to provide 
more than temporary relief. The attacks, which generally followed an infection 
of the upper respiratory tract, were so severe and prolonged that frequent admissions 
to the hospital had been necessary. As a last hope, unilateral denervation of the 
right lung, with vagotomy on the left, had been performed, but the attacks continued 
to appear, with the same frequency and severity. It was during and between two 
periods of admission to the Johns Hopkins Hospital that the patient was treated 
with epinephrine in oil. Besides the apparently prolonged effectiveness of this prep 
aration, it also gave relief when all other measures had failed. After his discharge 
from the hospital on January 20 he was followed for eight days at his home and 
received there one daily injection of epinephrine in oil. With this regimen he 
remained free from symptoms for five days. This he insisted was unusual, as it 
had always been necessary for him to use a nebulizer containing a solution of 
epinephrine hydrochloride many times during the night. On January 24 an 
infection of the upper respiratory tract developed and in four days he was again 
admitted to the hospital, with severe asthma. During the thirty-seven consecutive 
days of observation he received 66.5 cc. of epinephrine in oil, all the injections 
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being made intramuscularly in the buttocks. He never complained of soreness at 
the site of administration, and there was never local redness, induration or swelling. 


Case 10.—Miss G. P., a 45 year old white nurse, was known to have had 
asthma for the past thirty years. Cutaneous tests for hypersensitivity gave negative 
results. There was concomitant chronic sinusitis, which had been intensively treated, 
without any effect on the asthmatic state. During the many years of asthma there 
had developed marked chronic bronchitis. For the past eight years the asthmatic 
attacks had become frequent, and for relief she gave herself epinephrine hydro- 
chloride. Although there was an adequate pathologic basis for her seizures, there 
was also a superimposed psychogenic factor. At first after the administration of 
epinephrine in oil she claimed to observe definite improvement. However, after 
an eighteen hour period without asthma, she experienced a severe attack; she 


felt that the severity was directly related to the unusually long period without 
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Chart 7.—Data for a man aged 60 (case 


symptoms. She concluded that for her “frequent attacks of asthma were necessary 
to rid the bronchi of exudate.” Thereafter, injections of epinephrine in oil failed 
to improve her state or prolong the interval between attacks. All administrations 
were made subcutaneously in the upper portion of the arm and were followed for 
twenty-four to forty-eight hours by some local swelling and induration. 


Case 11.—C. J., a 30 year old Negro, married, was known to have had asthma 
for the past sixteen years. All cutaneous tests for hypersensitivity had shown 
negative results, and adequate surgical treatment of the nose and throat had failed 
to relieve the symptoms. For the past three years the attacks had been so frequent 
and severe that the patient had had an average of three to six injections of 0.5 to 
1 mg. of epinephrine hydrochloride in twenty-four hours. With 1.2 cc. of epi- 
nephrine in oil, administered on five different occasions during visits to the out- 
patient department of the Johns Hopkins Hospital, he was able to have nine to 
twenty-four hours free from asthma depending on whether the asthma on the day of 
treatment was of marked or of average severity. On three occasions, during an 
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Chart 8.—Data for a man aged 28 (case 9). 
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attack of asthma, 0.5 mg. of epinephrine hydrochloride was administered prior to 
the epinephrine in oil to provide immediate relief. The injections of epinephrine 


in oil were made subcutaneously in the upper portion of the arm. There was never 


soreness, induration or swelling at the site of injection. 


Observations on patients during acute paroxysms of asthma (table 1). 

Case 12.—D. H., a 3 year old boy, was known to have had an extrinsic type 
of bronchial asthma, due to dust, for the past two years. The tonsils and adenoids 
were removed five months before entry. In the past three months the patient was 


TABLE Summary of Observation on Eleven Patients with 
Acute Attacks of Asthma 


Amount Symp 

Number of of Hours toms 

Dura Attacks Epine Free Refer 

tion for Which  phrine from Number able 
of Epinephrine in Oil Asthma of to Reaction 
Asthma, in Oil per Dose, After (Attacks Epine at Site of 
Treatment Aborted phrine Injection 


Patient, 
\ge, Classification 
Sex of Asthma ¥z Was Given Ce. 
D. H. Extrinsic 2 : 0.65 10-16 l None None 
3, M 
None Redness and 
induration 
for 24-48 hr. 


None None 


D. B.* Extrinsic 
»M 


Intrinsic 

None Slight sore 
ness for 
6 hr 

None None 


Extrinsic 


? Psychogeni 
Extrinsic None None 
Slight sore 
ness for 
48 hr 
None 


Intrinsic 


cE. H Intrinsic 
3, F 


Slight sore 
ness for 


36 hr 


None 


.. a Intrinsie 
6, M 


E. ¢ Extrinsic 
410, F 


H. H. Intrinsic Slight sore 
60, F ness for 
24-48 hr. 


* Received 0.8 to 0.5 ee. of solution of epinephrine hydrochloride prior to the injections of 


epinephrine in oil. 

treated at home with epinephrine in oil on three different occasions because of 
asthma which followed exposure to dust in one instance and an acute infection 
of the upper respiratory tract in two other instances. The attack which followed 
exposure to dust was abated by one injection of epinephrine in oil; in the two 
other attacks there was relief of symptoms for ten to sixteen hours, respectively. 
Previously, during similar attacks, it had been necessary frequently to administer 
injections of epinephrine hydrochloride. There was no local reaction at the site of 


the injection of epinephrine in oil. 


Case 13.—D. B., a 5 year old boy, was known to have had an extrinsic type of 


bronchial asthma, due to dust, for the past three and one half years. He was 
treated at home during two attacks with epinephrine in oil, with gradual but lasting 
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relief in each instance. One attack followed an infection of the upper respiratory 
tract; the other, excessive exertion. Previously, during similar attacks, he had 
been treated with frequent injections of epinephrine hydrochloride, which had given 
only temporary relief from symptoms. Definite redness, swelling and induration 


appeared at the site of injection of epinephrine in oil in about six hours and lasted 


for twenty-four to forty-eight hours. 


Case 14.—D. H., a 6 year old boy, was known to have had attacks of asthma 
after infections of the upper respiratory tract for the past five and one-half years 
Although there was definite hypersensitivity to dust, feathers and orris, these 
atopens apparently caused no symptoms. He was treated at home during one 
attack of asthma with 0.5 cc. of epinephrine in oil, obtaining relief thereby for 
ten hours. Previously, in similar attacks, injections of epinephrine hydrochloride 
had given relief for only two to four hours. There was no local reaction at the 


site of the injection of epinephrine in oil. 


Case 15.—Miss A. H., a 46 year old white woman, was known to have had 
seasonal asthma, due to grasses, for eighteen years. Treatment with specific extract 
for the past ten years had provided satisfactory relief; however, she did have an 
occasional extraseasonal attack of asthma, the cause of which was obscure. During 
two such attacks she was treated at home with epinephrine in oil. During one 
attack there was relief from symptoms for ten hours after one injection of epi 
nephrine in oil, while during the other the asthma gradually disappeared, without 
a recurrence. Formerly, during similar attacks she had required frequent injections 
of epinephrine hydrochloride. The epinephrine in oil produced slight soreness at 
the site of administration, but neither redness nor induration developed. 


Case 16.—Mrs. E. S., a 25 year old white woman, had had frequent attacks of 
intractable asthma prior to an operation for bilateral congenital cataracts. After 
the successful removal of the cataracts, with the establishment of good vision, the 
asthma entirely disappeared for three years. During the latter part of a recent 
pregnancy, asthma again reappeared. Exhaustive studies to reveal an allergic 
basis were unsuccessful. She was admitted to the Johns Hopkins Hospital with 
intractable asthma, and it was at this time that she received epinephrine in oil. 
Prior to its administration she had received four injections of 0.5 mg. of epinephrine 
hydrochloride, each of which had given relief for two hours. After the injection 
of 1 cc. of epinephrine in oil there was gradual relief of the symptoms in one hour, 
and she was able to sleep all night, free from asthma. The asthma did not recur, 
and she was discharged the following afternoon. There was no soreness, induration 
or redness at the site of the injection. 


Case 17.—Mrs. E. D., a 25 year old white woman, was known to have had 
occasional attacks of asthma for the past year, following either an infection of the 
upper respiratory tract or exposure to dogs. During one of these attacks, the 
causation of which was related to both factors, she was given, at her home, 1 cc. 
of epinephrine in oil, which provided relief from symptoms for twelve hours. Prior 
to its administration an injection of 0.5 mg. of epinephrine hydrochloride had been 
effective for only two hours. The epinephrine in oil was administered sub- 
cutaneously in the gluteal region, without concomitant soreness, redness, induration 
or swelling. 


Case 18.—N. S., a 58 year old white man, married, was known to have had 
asthma for the past nineteen years. Allergic studies indicated hypersensitivity to 
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dust, orris, feathers and summer and spring pollens. Studies of the nose and throat 
revealed an extensive sinus infection, for which he refused to be treated. The 
results of therapy with specific extract were therefore poor. The asthmatic attacks 
continued, and signs of chronic bronchitis developed. Ephedrine and nebulized 
epinephrine hydrochloride concomitantly lost their effectiveness. Injections of 0.3 
to 0.5 mg. of epinephrine hydrochloride provided relief from symptoms for one 
to three hours, while 1.5 cc. of epinephrine in oil alleviated the asthma for twelve 
hours. During five attacks in the past two months the patient was treated at home 
with epinephrine in oil; in each instance a preliminary injection of epinephrine 
hydrochloride was administered to provide immediate relief. The injections of 
epinephrine in oil were administered subcutaneously into the upper portion of the 
arm. The patient complained of some soreness for twenty-four hours at the site 
of administration, but redness, induration and swelling never occurred. 

Case 19.—Miss E. H., 35 years of age, was known to have had attacks of asthma 
for the past nine months, which appeared with striking regularity at 2 a. m. and 
again at 5 a. m. At the onset of these attacks she had usually taken one to three 
capsules of ephedrine, which provided satisfactory relief. Ephedrine at bedtime, how- 
ever, failed to abort either of the morning attacks. During one of her visits to our 
office she received 0.75 cc. of epinephrine in oil at 5 p. m. and thereafter remained 
free from asthma until 5 o’clock the following morning. The 2 a. m. attack had 
been aborted. Effectiveness with such a dose apparently was manifest for nine 
to twelve hours. It is unfortunate that further study of this patient was impossible. 
[he injection of epinephrine in oil was made subcutaneously in the upper portion 
of the arm, without the occurrence of soreness, induration, swelling or redness 
Subsequent diagnostic studies have failed to reveal the cause of her asthmatic 


symptoms. 


Case 20.—F. R., a 56 year old white man, married, was known to have had 
asthma for the past five years. Cutaneous tests for hypersensitivity and studies 
of the nose and throat gave essentially negative results. Physical examination 
revealed chronic bronchitis. For the past three years the patient had used 
epinephrine hydrochloride in a nebulizer, usually with effectiveness ; but occasionally 
he had more severe attacks, for which it was necessary to administer frequently 
injections of epinephrine hydrochloride. These injections gave only temporary 
relief, and the asthma usually reappeared in one or two hours. On seven occasions 
he was treated at his home during such an attack with epinephrine in oil. With 1.5 


cc. of epinephrine in oil and a preliminary injection of 0.5 mg. of epinephrine hydro- 


chloride, he was able to remain free from asthma for nine to twelve hours. All 


injections of epinephrine in oil were made subcutaneously in the upper poraon of 
the arm. While there was slight soreness at the site of injection for twenty-four 


to thirty-six hours, redness, swelling and induration never occurred 


Case 21—Mrs. E. C., a 40 year old white woman, was known to have had 
asthma for ten years. Nine years ago she had been found to be sensitive to dust, 
for which she had been specifically treated, with excellent results. One month ago, 
after moving into a new home, the asthma reappeared. The attacks usually came 
on after midnight and were so persistent that sleep was impossible. Three or four 
capsules of ephedrine, the dose being repeated at various intervals throughout the 
night, gave only temporary relief. With the injection of 0.75 cc. of epinephrine in 
oil she was able to sleep all night, free from asthma. Such effectiveness was 
demonstrated on four different occasions. The treatments were administered at 
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the patient’s home. All injections of epinephrine in oil were made subcutaneously 
in the upper portion of the arm, without concomitant soreness, redness, induration 
or swelling. 


Case 22.—Mrs. H. H., aged 60, was known to have had asthma for the past ten 
years. Cutaneous tests for hypersensitivity gave negative results, and extensive 
treatment for chronic sinusitis had not caused any amelioration of the asthma. For 
the past four years the patient had had frequent daily and nocturnal attacks of 
asthma. Temporary relief from each attack had been obtained by an injection of 
0.4 mg. of epinephrine hydrochloride. With 1 cc. of epinephrine in oil at 9 p. m., 
the patient remained free from asthma for twelve hours and experienced her first 
complete night’s rest in four years. A similar injection was given on three other 
occasions, with identical effectiveness. The treatments were given at the patient’s 
home, and the injections were made subcutaneously in the gluteal region. Slight 


TABLE 2.—Summary of Treatment Given Patient with Serum Sickness 


Relief Onset of Duration 
of Relief After of 
Symp- Medication, Relief, 
Date Preparation toms Minutes Ir. 
25/3 Calcium lactate, 2 Gm. 0 0 0 No effect 
Epinephrine sulfate, 25 ? No significant effect 
mg. three times daily 
Codeine sulfate, 64 mg. ) Some relief from pruritus; 
no effect on arthralgia 


Comment 


Codeine sulfate, 32 mg. ] Slight relief of pruritus only 
Epinephrine hydrochlo ++ f Relief of pruritus and 
ride, 0.3 ec. (1:1,000) arthralgia; no change in 
eharacter of urticaria 
Epinephrine in oil, 0.75 ce. ++4 3 2 Relief of pruritus and 
arthralgia; no objective 
improvement of urticaria 
Epinephrine in oil, 0.5 ce. 


Epinephrine in oil, 0.75ee. +++4+4 3 2 Temperature beginning to 
drop; urticaria disappearing 


soreness at the site of injection persisted for about forty-eight hours, but redness, 
induration or swelling were never observed. 


Observations on patients with urticaria and serum sickness. 

Case 23 (chart 9).—Miss E. M., aged 50, was seen two days after the develop- 
ment of generalized urticaria. A careful diagnostic study, which included tests for 
hypersensitivity, failed to reveal the cause of the condition. At the onset she 
received on two occasions an injection of 0.5 mg. of epinephrine hydrochloride, which 
gave fleeting relief. With injections of epinephrine in oil she remained comfortable 
for ten to twelve hours or longer. The injections were given at her home and were 
made subcutaneously in the upper portion of the arm. Soreness, with redness, 
induration and swelling, followed each injection and lasted for about forty-eight 
hours. 


Case 24.—Mrs. E. N., a 28 year old white woman, was admitted to the Johns 
Hopkins Hospital with acute lobar pneumonia due to Pneumococcus type VII. 
During the first twenty-four hours of her stay in the hospital she received 190,000 
units of specific antipneumococcus serum. The temperature dropped, and in two days 
she was afebrile. She remained well until six days later, when generalized urticaria 
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ind arthralgia appeared concomitantly with a rise in temperature. These symptoms 
were considered to be manifestations of serum sickness. For relief of the symptoms 
the patient was given, in seven days, calcium lactate, ephedrine, codeine sulfate, 
epinephrine hydrochloride and epinephrine in oil. The comparative effectiveness 
of each may be observed in table 2. The two preparations of epinephrine were 
the most effective in providing relief from symptoms; however, the epinephrine 
hydrochloride gave relief for only one hour, while the effectiveness of epinephrine 
in oil persisted for twelve hours. Although the subjective relief obtained with 
pinephrine preparations was marked, there was no objective improvement in the 


appearance of the urticaria. All injections of epinephrine in oil were made sub- 


cutaneously in the gluteal region. Soreness, induration and swelling never developed 


at the site of injection. 
































Chart 9.—Data for a woman aged 50 (case 23). The hatched areas represent 
periods of subjective symptoms of pruritus. The solid black areas represent 
periods during which the patient had cutaneous manifestations of urticaria. 


Observations on the hyperglycemic response. 

The experiments were performed on 5 subjects. Two patients (F. and M.) 
were healthy volunteers, and 3 (C., K. and J.) were convalescing from acute lobar 
pneumonia, in the medical ward of the Johns Hopkins Hospital. Each patient, 
having fasted for fourteen hours, was put at rest in bed in a quiet room; forty- 
five minutes later a specimen of blood was taken. Two of the patients (M. and J.) 
were then given subcutaneously 1 cc. of epinephrine in oil and the 3 others (C., F. 
and K.) 1.5 cc. Specimens of blood were taken every fifteen minutes to two hours 
for eight or nine hours. All the determinations of the sugar content were made on 
capillary blood by the microscopic method described by Folin.12 During the period 
of observation the patient was kept at rest in bed and was not allowed food, water 
or tobacco. 

12. Folin, O.: Micro-Sugar Determination, New England J. Med. 206:727, 
1932. 
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The results of these experiments are graphically depicted in chart 10. It is 
seen that, with the exception of the curves for patients C. and F., the configuration 
of the curves is not uniform. Three patients (C., F. and K.) received 1.5 cc. of 
epinephrine in oil. In 2 cases (C. and F.) there was a gradual rise of the sugar 
content, which reached a maximum level after eight or nine hours; while in the 
third (K) the peak was reached in two hours, and approximately this level was 
maintained for the following seven hours. Two patients (M. and J.) received 
1 cc. of epinephrine in oil. In 1 case (M.) the sugar content rose to its maximum 
level in two and one-half hours, was maintained at this level for the following two 
hours and then gradually fell in the ensuing two and one-half hours. In the other 
case (J.) the sugar content rose to its peak in two hours and then gradually fell in 
the following six hours. In both of these cases the sugar content was above the 


fasting level at the end of eight hours. 
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Chart 10—Curves showing the sugar content of the blood after an injection 


of epinephrine in oil. 


Two days later the same patients, under similar conditions, were given injections 
of epinephrine hydrochloride, and the response of the blood sugar was studied. 
Four patients (C., F., J and K.) received 1 mg. and the fifth patient (M.) 0.5 mg. 
The curves thus obtained, as illustrated in chart 11, are strikingly different from 
those obtained after the administration of epinephrine in oil. After the injection 
of epinephrine hydrochloride there was a prompt rise in the sugar content (mor 
marked than that obtained with epinephrine in oil), the maximum being reached in 
one or two hours, followed by rapid subsidence. The whole reaction was usually 
over in three hours. These results are in accord with the findings of Hamman and 
Hirschman 12 and Gjertz,14 who likewise demonstrated that after an injection of 

13. Hamman, L., and Hirschman, I. I.: Studies on Blood Sugar, Arch. Int. Med 
20:761 (Nov.) 1917. 

14. Gjertz, A.: The Capillary-Venous Blood Sugar Difference in Adrenaline 
Tests, Acta med. Scandinav. 88:464, 1936. 
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epinephrine hydrochloride the sugar content of the blood rose to a peak in one or 
two hours and then rapidly fell to the fasting level during the following hour. 

Observations on the cardiovascular response. 

Clough 15 and Lyon 16 have demonstrated that there is a marked difference i 
the cardiovascular response of different persons to 1 mg. of epinephrine hydro 
chloride. Generally, there is a fairly rapid rise in the systolic pressure to a 
maximum peak in five to twenty minutes. The amount of increase may rang¢ 
from 5 to 100 mm., but the majority of patients show a rise of 15 to 30 mm. The 
tachycardia and the fall in diastolic pressure may last longer than the rise in 
systolic pressure. 
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Chart 11.—Curves showing the sugar content of thi 
of a solution of epinephrine hydrochloride (1: 1,000). 


For further substantiation of the slow absorption and prolonged effectiveness 
of epinephrine in oil, it was necessary to compare the cardiovascular response with 
that already noted after the injection of epinephrine hydrochloride. Although such 
observations have been made in only 3 cases, it seemed desirable to record the 
data. 


15. Clough, P. W.: A Study of the Cardiovascular Reaction to Epinephrine, 
Bull. Johns Hopkins Hosp. 31:266, 1920 
16. Lyon, D. M.: The Reaction to Adrenalin in Man, Quart. J. Med. 17:19, 


1923, 
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The experiment was conducted on 3 patients (C., J. and K.) concomitant with 
the studies of the blood sugar. The method of preparing these patients for study 
has been described under the paragraph on the hyperglycemic response. The blood 
pressure and pulse rate were recorded at frequent intervals, and after forty-five 
minutes a constant level had been reached. After the injection of epinephrine in 
oil, further observations were made every fifteen to thirty minutes for eight or 
nine hours. 

The blood pressure was determined with a sphygmobaumanometer by the 
auscultatory method. The diastolic pressure was read at the point at which there 
was an abrupt diminution in the intensity of the sound at the end of the third 
phase. 

The pain and excitement associated with the injection and with the obtaining of 
specimens of blood caused a rise of 5 to 10 mm. in the systolic pressure, which 
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Chart 12—Curves showing the cardiovascular response obtained after an 


injection of epinephrine in oil. 


usually subsided after two minutes. Patients C. and K. received 1.5 cc. and 
patient J., 1 cc. of epinephrine in oil, The results are depicted in chart 11. 

In 2 patients (J. and K.) the systolic pressure gradually reached its maximum 
level in three or four hours and then receded more gradually toward the basal 
level. The amount of increase in each case was 30 mm. In the third patient (C.) 
an increase of 20 mm. was reached in six hours and was followed by a recession to 
the basal level at the end of three more hours. 

The readings for the diastolic pressure are difficult to interpret. In 2 patients 
(J. and K.) there was a gradual but fluctuating increase of 12 and 11 mm., 
respectively, which lingered behind the rise in systolic pressure but fell parallel 
with it. The third patient (C.) showed a fall of 8 mm., followed by a return to 
the basal level, with a subsequent secondary fall. The pulse rate increased from 
72 to 112 beats in patient K. in two and one-half hours and gradually dropped in 
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the following six and one-half hours. Patient J. showed a gradual increase in the 
pulse rate from 76 to 92 beats in four hours, the rate receding to the basal level 
in the following four hours. The rise in pulse rate of 8 beats in patient C. is 
insignificant. 
COMMENT 

With the dramatic introduction of protamine insulinate, there has 
been a revived interest among medical investigators in procuring delayed 
absorption of other drugs. It is only natural that a portion of this 


enthusiasm should be directed toward epinephrine, the first and perhaps 


the most commonly used endocrine substance. The minuteness and the 
lability of the epinephrine molecule offer a notable stumbling block 
in the achievement of such a goal, and it is because of this obstacle 
that we have designed to solve the problem in a different manner. 

Epinephrine is insoluble in oil, and for this reason the integrity of 
the molecule and its physiologic activity in such a vehicle should be 
unaltered. For reasons that we have previously related, suspensions in 
oil are more slowly absorbed than watery solutions. It is logical, then, 
to predict that a suspension of epinephrine in oil should be slowly 
absorbed and should exhibit its normal physiologic activity over a 
prolonged period. 

Finely powdered epinephrine is easily suspended in oil by being 
shaken, but better suspensions can be produced by exposing the material 
to supersonic radiation. The influence of supersonic radiation is simply 
that of a superlative method of shaking, in that the apparatus emits 
vibrations at the rate of 350,000 per second. Therefore, microscopic 
clumps of crystals are broken up, and occluded air bubbles are removed. 
However, these microscopic differences in the character of the speci- 
mens before and after irradiation play no valuable role in their respective 
clinical effectiveness. 

There is little information in the literature pertaining to the absorp- 
tion of oil injected subcutaneously or intramuscularly. However, from 
purely clinical observations it is known that oil as an injectant is defi- 
nitely irritating to some persons. Although there is no scientific work 
on record which endorses one vegetable oil over another, peanut oil is 
generally considered to be less irritating than others. This is most 
likely a conclusion derived from the comparative clinical trials of the 
various oily vehicles used in the preparations of bismuth and of estro- 
genic substances. Therefore, because of these clinical deductions, we 
have used peanut oil in preparing the suspensions of epinephrine in oil. 

There is no report in the literature that peanut oil, acting as an 
atopen, has been the causative factor in the development of asthma. 
However, it is not beyond the realm of possibility that allergic reactions 
to the oil will occur. In 1 of our patients (D. C.) urticaria developed 
after epinephrine in oil was taken daily for six weeks. However, 
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there was also a concomitant flare-up of an old sinus infection, and we 
are still unable to say definitely that peanut oil was the exciting agent. 
Nevertheless, that was the only suspicious allergic reaction that we 
encountered, and we have given over two thousand injections of the 
material to allergic patients. 

Patients with chronic asthma who had been taking regularly numer- 
ous daily injections or inhalations of epinephrine hydrochloride for 
months or years were ideal subjects on whom to test out the prolonged 
effectiveness of epinephrine in oil. Ten of these patients obtained relief 
from asthmatic symptoms for eight to sixteen hours with 0.65 to 2 cc. 
doses of epinephrine in oil. Three patients received a morning and an 
evening injection and remained free from asthma for twenty-four hours. 
Only 1 patient failed to receive prolonged relief with adequate doses. 

Although observations on patients with acute asthma cannot be so 
well controlled as those on patients with chronic asthma, a fair evalua- 
tion of the comparative effectiveness of epinephrine hydrochloride and 
epinephrine in oil could be made. Each of 11 patients was treated 
during one or more acute paroxysms of asthma with from 0.5 to 1.5 cc. 
of epinephrine in oil and remained free from asthma for from nine to 
sixteen hours, but more generally for twelve hours. These results are 
remarkably gratifying when compared with those obtained during pre- 
vious similar attacks, when frequent injections of epinephrine hydro- 
chloride had been necessary and rest had been interfered with because 
of recurring paroxysms of asthma. 

Observations were made on the comparative length of effectiveness 
of epinephrine hydrochloride and of epinephrine in oil in cases of 
urticaria and serum sickness and on the hyperglycemic response. The 
cardiovascular response to epinephrine in oil was compared with the 
data previously published on the cardiovascular response to epinephrine 
hydrochloride. The results obtained contribute more evidence in favor 
of the slow absorption and prolonged effectiveness of epinephrine in oil. 

When treatment with epinephrine in oil is indicated, great care should 
be exercised in choosing the initial dose, for there is considerable indi- 
vidual variation in tolerance to epinephrine. For a patient with chronic 
asthma who has been taking frequent injections of epinephrine hydro- 
chloride, it is safe to begin with 1 cc. of epinephrine in oil. Subse- 
quently the dose may be increased or decreased, depending on the 


patient’s response. One patient may be made comfortable with 0.75 cc., 


while another may require 1.5 to 2. cc. During an acute attack of asthma 
the dose should be regulated according to the severity of the attack. 
As a general rule, 1 cc. is sufficient in cases of moderately severe 
asthma. The immediate response to epinephrine in oil is more delayed 
than that to epinephrine hydrochloride ; therefore, it is advisable during 
an acute attack to administer epinephrine hydrochloride prior to epi- 
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nephrine in oil. The dose required for a child is naturally smaller than 
that for an adult, and its size, as for the adult, depends on the severity 
of the attack. Usually, one half to two thirds of the dose for adults 
will be sufficient and safe. The same cautious attitude should be adhered 
to in the management of patients with urticaria and serum sickness. 

Only 1 patient experienced severe untoward symptoms referable to 
the epinephrine. After the administration of 1.5 cc. this patient com- 
plained of violent palpitation and tachycardia for one hour. However, 
because of the rapid onset of these symptoms, it was felt that a portion 
of the material had entered a small vessel during the injection. It is as 
likely that the dose was too great; for subsequently he received many 
injections of 1 cc. each without any ill effects. 

The injection of epinephrine in oil is preferably made subcutaneously 
in the upper portion of the arm or in the gluteal region. There is usually 
slight or no discomfort at the site of injection after a single administra- 
tion. However, numerous consecutive injections are definitely irritating 
in some cases. In these cases many intramuscular injections can be 
made without serious ensuing discomfort. Although many injections of 
epinephrine in oil have been given, we have never observed the formation 
if subcutaneous nodules at the sites of injection. 


SUM MARY 

Epinephrine in oil, a suspension of powdered epinephrine base in 
peanut oil, prepared so that 1 cc. of oil contains 2 mg. of epinephrine, is 
a preparation that is slowly absorbed. 

Ten patients with chronic asthma who had been taking frequent 
daily injections or inhalations of epinephrine hydrochloride received 
relief from asthmatic symptoms for from eight to sixteen hours with 
0.65 to 2 cc. doses of epinephrine in oil. One patient received no pro- 
longed effect from adequate doses. 

Eleven patients were treated during one or more acute paroxysms of 
asthma. Each received from 0.5 to 1.5 cc. of epinephrine in oil and 
remained free from asthma for nine to sixteen hours, but more generally 
for twelve hours. 

For 1 patient with urticaria and another with serum sickness epi- 
nephrine in oil provided relief from symptoms for twelve hours; 
whereas previously the effect from epinephrine hydrochloride had been 
fleeting. 

The hyperglycemic response to epinephrine in oil in 5 cases was 
maintained for at least eight or nine hours, while the response to epi- 


nephrine hydrochloride, though more marked, was usually over in three 


hours. 
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The cardiovascular response to epinephrine in oil in 3 cases was 
maintained for eight or nine hours, while the response to epinephrine 
hydrochloride, as reported in the literature, is generally over in forty-five 
to ninety minutes. 


The injections of epinephrine in oil are preferably made subcu- 


taneously. There may or may not be slight discomfort at the site of a 


single administration, but consecutive injections are irritating in some 
cases. Numerous intramuscular injections can usually be made without 
following discomfort. 

One patient experienced violent palpitation and tachycardia immedi- 
ately after the administration of 1.5 cc. of epinephrine in oil. Because 
of the rapid onset of these symptoms, it was felt that a portion of the 
material had entered a small vessel during the injection. 
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Determination of the serum protein content is supposed to give a 
fairly accurate estimate of the colloid osmotic pressure of the blood 
serum. However, the frequent finding of normal levels for serum pro- 
tein in the examination of patients with marked ascites and edema 
suggested that the usual protein determination is an inadequate measure- 
ment of the osmotic conditions at the capillary membrane and cannot 
be used to predict the effective osmotic pressure. It was found that 
measurement of the colloid osmotic pressure gave better knowledge of 
these physical processes and in many instances explained the presence 
of indeterminable edema and ascites. 

Variations in the values for serum albumin and globulin in hepatic 
disease have been recognized for more than thirty years. Grenet* and 
Gilbert and Chiray * were among the first to note decrease in concen- 
tration of total protein among patients with cirrhosis of the liver, and 
their observation was later confirmed by Filinski,* Abrami and Wallich ‘ 


* Now Associate Professor of Medicine and Education, University of Minnesota. 


From the Division of Medicine of the Mayo Clinic (Drs. Butt and Snell) 
and the Division of Biochemistry of the Mayo Foundation (Dr. Keys). 

This work was done in the Division of Biochemistry of the Mayo Foundation, 
and this paper represents part of the work for which the John Horsley Memorial 
Prize for 1938 was awarded to Dr. Butt by the University of Virginia. 

1. Grenet, H.: Diminution des albumines du sérum sanguin chez les hépatiques, 
Compt. rend. Soc. de biol. 63:552, 1907. 

2. Gilbert, A., and Chiray, M.: Diminution des substances albumineuses du 
sérum sanguin chez les cirrhotiques ascitiques, Compt. rend. Soc. de biol. 63:487, 
1907. 

3. Filinski, W.: L’augmentation du taux de la globuline dans le sérum du 
sang comme résultat de l’insuffisance hépatique, Presse méd. 20:236, 1922. 

4. Abrami, P., and Wallich, R.: Modifications du sérum sanguin au cours des 
cirrhoses du foie avec ascite: Inversion du rapport sérines-globulines, Compt. 
rend. Soc. de biol. 101:291, 1929. 
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and others. More recently, Myers and Keefer * have made a study of 
16 patients with cirrhosis of the liver; in all cases the total plasma pro- 
tein value was decreased, particularly the albumin fraction. Similar but 
less extensive and less consistent alterations in the values for plasma 
protein were observed in 14 cases of other forms of disease of the liver. 
In larger groups of patients examined by Tumen and Bockus ® and by 
Foley and others,’ hypoalbuminemia was the most consistent alteration 
noted in the determination of serum protein. One of us (Dr. Snell *) 
in a fairly large series of cases of hepatic disease noted, in addition to 
the alteration in the albumin-globulin ratio, the unusual rapidity with 
which changes in the total protein value and the albumin-globulin ratio 
can take place and intimated that for this reason repeated determinations 
of the serum protein content for the same patient might be necessary 
in order to be of some prognostic significance. 

In addition to the quantitative change in the serum protein in hepatic 
disease, it long has been suspected that the mixtures of proteins which 
make up the so-called albumin and globulin fractions might also be 
altered in some of their physical or chemical properties. ‘The recent 
immunologic study of the proteins in hepatic disease by Kendall ® tends 
to confirm this assumption. 

Most investigators feel that the decreased levels of serum protein 
in instances of hepatic injury probably result from failure of production 
of protein or protein-building substances in the liver, in addition to 
alteration in the equilibrium between the circulating and the stored pro- 


tein. Some authors’? have suggested that such variation in serum 


proteins may be of nutritional origin; others,’ that defective formation 


5. Myers, W. K., and Keefer, C. S.: Relation of Plasma Proteins to Ascites 
and Edema in Cirrhosis of the Liver, Arch. Int. Med. 55:349 (March) 1935. 

6. Tumen, H., and Bockus, H. L.: The Clinical Significance of Serum 
Proteins in Hepatic Diseases Compared with Other Liver Function Tests, Am 
J. M. Sc. 193:788, 1937. 

7. Foley, E. F.; Keeton, R. W.; Kendrick, A. B., and Darling, D.: Alterations 
of Serum Protein as an Index of Hepatic Failure, Arch. Int. Med. 60:64 (July) 
1937. 

8. Snell, A. M.: The Effects of Chronic Disease of the Liver on the Com 
position and Physicochemical Properties of Blood: Changes in the Serum 
Proteins; Reduction in the Oxygen Saturation of the Arterial Blood, Ann. Int. 
Med. 9:690, 1935. 

9. Kendall, F. E.: Studies on Serum Proteins: I. Identification of a Single 
Serum Globulin by Immunological Means; Its Distribution in the Sera of Normal 
Individuals and of Patients with Cirrhosis of the Liver and with Chronic 
Glomerulonephritis, J. Clin. Investigation 16:921, 1937. 

10. Peters, J. P., and Eisenman, A. J.: The Serum Proteins in Diseases Not 
Primarily Affecting the Cardiovascular System or Kidneys, Am. J. M. Sc. 186: 
808, 1933. 

11. Salvesen, H. A.: Variations in the Plasma Proteins in Non-Renal Condi 
tions, Acta med. Scandinav. 72:133, 1929. Snell.§ 
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of protein may be the primary factor; others, that there is a lack of 
reserve protein-building material normally stored in the liver,'* and still 
others,® that the loss of albumin into the ascitic fluid or the increased 
capillary permeability, allowing escape of protein into the tissues,’ 
may be the primary factor. In some recent unpublished studies we have 
been unable to demonstrate by means of a technic described by Landis 


and his associates !4 


any excessive escape of protein into the peripheral 
tissues of patients with severe hepatic disease. There has been con- 
siderable debate over the correctness of these various hypotheses, and 
the critical review by Melnick and Cowgill '® on the problem of hypo- 
proteinemia only reemphasizes the lack of complete knowledge of this 
subject. 

There are available few reports of studies in which the colloid 
osmotic pressure of the blood serum has been measured in hepatic 
disease.*® Ivanov and Chervyakovskii'’ and Kellermann ** reported 
markedly lowered values for colloid osmotic pressure for patients who 
had various diseases of the liver; decreased values for colloid osmotic 


pressure resulting from experimental hepatic damage to animals have 


12. Holman, R. L.; Mahoney, E. B., and Whipple, G. H.: Blood Plasma Pri 
tein Regeneration Controlled by Diet: I. Liver and Casein as Potent Diet Factors, 
J. Exper. Med. 59:251, 1934. Kerr, W. J.: Hurwitz, S. H., and Whipple, G. H 
Regeneration of Blood Serum Proteins: III. Liver Injury Alone; Liver Injury 
and Plasma Depletion; the Eck Fistula Combined with Plasma Depletion, Am 
J. Physiol. 47:379, 1918 

13. Kaunitz, H.: Serumeiweisskorper bei el rankheiten, Wien. klin 
Wehnschr. 48:1349, 1935. 

14. Landis, E. M.; Jonas, L.; Angevine, M., and Erb, W.: The Passage of 
Fluid and Protein Through the Human Capillary Wall During nous Congestiot 
J. Clin. Investigation 11:717, 1932. 

15. Melnick, D., and Cowgill, G. R.: The Problem of oproteinemia, Yale 
J. Biol. & Med. 10:49, 1937. 

16. Yasuda, H.: Studien iiber die bluteiweiss- und kolloid-osmoregulierende 
Tatigkeit der Leber: I. Ueber den Eiweissgehalt und den kolloid-osmotischet 
Druck des zu- und abstrémenden Blutes der Leber, mit besonderer Beriicksichtigung 
ihrer Verdainderungen nach Eiweissverlust durch Aderlass und Plasmapharesis ; 
Versuch an normalen Kaninchen, Tohoku J. Exper. Med. 31:437, 1937; II. Ueber 
die Veranderungen des Eiweisses und des kolloid-osmotischen Drucks des zu- und 
abstromenden Blutes der Leber bei Nierenschadigung (Kantharidin- und Uran- 
vergiftung), ibid. 31:456, 1937; III. Ueber die Veranderungen des Eiweisses und 
des kolloid-osmotischen Drucks des Blutes in der Leber bei Leberschadigung, 
ibid. $31:524, 1937: IV. Beeinflussung des Eiweisses und dessen kolloid-osmotischen 
Drucks des zu- und abstrémenden Blutes der Leber durch vegetative Nervengifte, 
ibid. 31:536, 1937. 

17. Ivanov, L. P., and Chervyakovskii, N. I.: Changes in the Albumin Frac 
tion in Blood Serum in Liver Diseases, Chem. Abstr. 30:6809, 1936. 

18. Kellermann, V.: Das Verhalten des kolloidosmotischen (onkotischen) 
Druckes im Verlaufe von Lebererkrankungen, Ztschr. f. d. ges. exper. Med. 100: 


336, 1937 
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) 


reported a single case of cirrhosis of the 


been reported.’® Iversen *' 
liver with ascites and edema in which the serum protein value was 


normal but the colloid osmotic pressure was reduced. In a few cases 
of cirrhosis of the liver, Butt and Keys *! found the colloid osmotic pres- 
sure of the blood serum to be as low as a third of the normal value. 


METHODS 


The subjects examined were all patients observed at the Mayo Clinic. All 
the studies were made while the subjects were at rest in bed and fasting. Blood 
was drawn into a dry or oiled syringe from the antecubital vein. The ascitic 
fluid was removed in the usual manner with a trocar, collected in sterile con- 
tainers and examined immediately. 

The proteins in the serum were estimated by the standard Kjeldahl procedure, 
and the method of Howe 2? was used for separation of the albumin and globulin. 

The colloid osmotic pressure of the blood serum was measured by a modifi- 
cation of the membrane bag arrangement of Starling,2’ Adair and Robinson,?* 
Keys and Taylor 25 and others. The details of the method will be presented 
elsewhere, but a few essentials will be given here. The serum was diluted with 
an equal volume of a phosphate buffer solution at pu 7.4, which is approximately 
isoionic and iso-osmotic with the serum. Small, fairly rigid collodion sacs were 
used which previously had been proved to be protein tight. The same buffer 
solution was used for the external medium, and the entire system was kept at 
0 C. Usually equilibration was complete within forty-eight hours, but in all 
observations in the present series the osmometers were observed for some days 
longer. At the end of equilibration the nitrogen value of both the inner and the 
outer fluid was determined and compared with the protein and nonprotein nitrogen 
values of the original serum. The values for colloid osmotic pressure were cor- 
rected to the original concentration of the protein in the serum by means of 
standard curves for protein dilution.26 All determinations were made in duplicate 


19. Sanada, Y.: Studien tiber den kolloid-osmotischen Druck des Gewebsei 
weisses: III. Gewebseiweiss und dessen kolloid-osmotische Druck bei Leber- 
schadigung, Tohoku J. Exper. Med. 29:202, 1936. 

20. Iversen, P.: Untersuchungen tiber die Ascites-Pathogenese, Kiin. Wehnschr. 
7:2001, 1928. 

21. Butt, H. R. and Keys, A.: Colloid Osmotic Pressure: Studies of 
Normal Individuals and of Those with Hypoproteinemia, Proc. Staff Meet., Mayo 
Clin. 12:566, 1937. 

22. Howe, P. E.: The Determination of Proteins in Blood—A Micro Method, 
J. Biol. Chem. 49:109, 1921. 

23. Starling, E. H.: On the Absorption of Fluids from the Connective Tis- 
sue Spaces, J. Physiol. 19:312, 1896. 

24. Adair, G. S., and Robinson, M. E.: The Analysis of the Osmotic Pressures 
of the Serum Proteins, and the Molecular Weights of Albumins and Globulins, 
Biochem. J. 24:1864, 1930. " 

25. Keys, A., and Taylor, H.: The Determination of the Colloidal Osmotic 
Pressure in Blood Serum and Similar Fluids, J. Biol. Chem. 109:47, 1935. 

26. Keys, A.: The Apparent Permeability of the Capillary Membrane in Man, 
Tr. Faraday Soc., London 33:930, 1937. 
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ARCHIVES OF INTERNAL MEDICINE 


RESULTS 

Subacute and Chronic Atrophy of the Liver with Nodular Regenera- 
tion (Cirrhosis).—A study of 23 patients with cirrhosis of the liver has 
been made, and the concentration of total protein, the value for albumin 
and globulin and the colloid osmotic pressure of the serum have been 
measured in most instances. 

The clinical data pertaining to these patients are presented in table 1. 
Chart 1 represents the colloid osmotic pressure of the serum of these 
23 patients plotted against the serum protein values. All but 4 of these 
patients had ascites or edema; most of them had both. In each instance 
but one the colloid osmotic pressure of the blood serum was below the 
normal level, but in only 7 instances was the protein value below 6 Gm. 





mn. HO 











3 4 5 6 7 8 
Serum protein Gm foo c« 

Chart 1—The colloid osmotic pressure of blood serum of patients with 
hepatic cirrhosis and the relation of this pressure to the concentration of serum 
protein. In charts 1 and 2 each dot represents the value for 1 patient, the black 
dots indicating the presence of edema and ascites and the white dots indicating 
no edema or ascites. The shaded area represents the range of normal concentratio! 
of the serum protein. The horizontal line represents the average normal colloid 
osmotic pressure. 


per hundred cubic centimeters. The interesting fact, however, is that 
14 of the patients who had edema and ascites and the colloid osmotic 
pressure of whose serum was low had normal protein values, as deter- 
mined by standard methods. It is obvious that no exact “edema level” 
is present and that the determination of the total protein value alone is 
of little value in predicting the colloid osmotic pressure of the blood 
serum. In 19 of these 21 cases a better, but still imperfect, correlation 
between the protein and the colloid osmotic pressure of the serum was 
obtained by estimation of the albumin content (chart 2). However, in 
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+ of the cases in which there was ascites or edema (19 per cent of the 
total represented in chart 2), the albumin content was slightly above or 
slightly below the lower limit of normal, but the colloid osmotic pressure 


was 50 per cent or nearly 50 per cent reduced. 
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Chart 3—The colloid osmotic pressure of the blood serum of patients with 


hepatic cirrhosis and the relation of this pressure to the normal values for colloid 
smotic pressure. Each column represents the value for 1 patient. 
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It is interesting to note in chart 3 that the 4 patients who had “com- 
pensated” cirrhosis of the liver, without edema or ascites, had in all 
but 2 instances the highest values for colloid osmotic pressure for the 
whole group. In none of the cases in which edema and ascites were 
present did the value for colloid osmotic pressure reach as high as even 
the lowest level of normal. 

Analysis of the laboratory data for these patients (table 1) is of 
interest. There seems to be some correlation between the value for 
colloid osmotic pressure and the degree of hepatic damage as estimated 
by the hepatic functional tests indicated (bromsulphalein, hippuric acid 
synthesis), and there was evidence of hepatic damage as measured by 
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Chart 4.—The colloid osmotic pressure of the blood serum of patients witl 
obstructive jaundice and the relation of this pressure to normal values for colloid 


osmotic pressure. 


these tests. Obviously, this is not direct evidence that the ability of th 
liver to make or to store protein is altered, but it does appear that this 
function of the liver may be impaired somewhat in proportion to the 
impairment of the ability of the liver to excrete dye or conjugate various 
materials. 

The higher levels for serum bilirubin were associated in most 
instances with the lower values for colloid osmotic pressure. The altera- 
tions in the concentration of cholesterol in the blood did not appear to be 
connected with the decrease in the serum protein value and the decrease 
in the colloid osmotic pressure. 
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Obstructive Jaundice and Subacute and Chronic Hepatitis —Fifteen 
patients who had obstructive jaundice and 5 who had various forms of 
parenchymatous hepatic injury with jaundice were studied. Of the 15 
who had obstructive jaundice, 7 had carcinoma of the head of the 


pancreas, 6 had stricture of the common duct and 2 had an intraductal 
malignant growth. In each instance the concentration of total protein, 
the value for albumin and globulin and the colloid osmotic pressure of 
the serum were measured. The clinical data pertaining to these patients 


are presented in tables 2 and 3. 


TABLE 4.—Ascitic Fluid 


Total Total Protein Albumin 
Nitrogen, Nitrogen, Nitrogen, Colloid 
Gm. per Gm. per Gm. per Osmotic 
100 Ce. 100 Ce. 100 Ce. Pressure* Diagnosis 
158 Cirrhosis of liver 
196 Cirrhosis of liver 
141 Cirrhosis of liver 
2 Yirrhosis of liver 
120 Jirrhosis of liver 
ae ‘irrhosis of liver 
Sirrhosis of liver 
irrhosis of liver 
‘irrhosis of liver 
irrhosis of liver 
‘irrhosis of liver 
‘irrhosis of liver 
‘irrhosis of liver 
irrhosis of liver 
‘irrhosis of liver 
Nontropieal sprue 
Generalized carcinomatosis 
Pelvic malignant growth with 
peritoneal carcinomatosis 
Carcinoma of right kidney; 
thrombosis of inferior vena 
cava 
Abdominal carcinoma 
Subacute lymphatic leukemia 
Lymphoblastoma; chylous 
ascites 
2 60 3 Chronie glomerulonephritis 
1.280 07 Hepatitis 
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* Millimeters of water per gram of protein nitrogen per hundred cubic centimeters of fluid 


In chart 4 it can be observed that the values for colloid osmotic 
pressure in the cases of obstructive jaundice resulting from carcinoma 
of the pancreas were higher than they were in the cases of stricture of 
the common duct and of intraductal malignant growth. It has been our 
experience that for some reason greater hepatic injury results from 
simple stricture of the common duct than from carcinoma of the head 
of the pancreas. In the cases of the latter type the early damage results 
in disturbed protein metabolism and probably accounts for the “water- 
logging” not infrequently encountered during treatment. In the cases 
of “hepatitis” the colloid osmotic pressure is higher than in either of 
the two types of cases included under the heading obstructive jaundice, 
probably because in such cases as subacute and chronic hepatitis the 
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damage to the liver is minimal and of a chronic nature. The values 
for cholesterol for the patients who had hepatitis were all above 
normal. 

The Formation, the Protein Content and the Colloid Osmotic Pres 
sure of Ascitic Fluid.—It is fairly well established that the concentra- 
tions of urea, uric acid, creatinine, chloride and sugar of the ascitic fluid 
approximate closely the concentrations of these substances in the blood 
serum; the cholesterol content varies greatly.2* The protein content of 
pure transudates usually is low, but if it is high one can safely consider 
that some exudative process is present. As far as we are aware, the 
cases represented in table 4 are the only instances in which the colloid 
osmotic pressure of ascitic fluid has been measured. It is interesting 
that even with such low concentrations of protein and albumin these 
transudates exert a comparatively high colloid osmotic pressure. The 
probable explanation of this is that the smaller molecules of albumin are 
the first to escape through the capillary wall, and these of course exert 
the greatest osmotic effect. In the group as a whole it may be observed 
that most of the higher values for colloid osmotic pressure are those in 


which at least part of the ascitic fluid is formed by an exudative process. 


COMMENT 

As was pointed out in an earlier paragraph, there is considerable 
experimental and clinical evidence to indicate that the protein of blood 
may be altered quantitatively and qualitatively by the presence of hepatic 
disease, and if this fact may be assumed, the diminution of colloid 
osmotic pressure is not difficult to explain. The existence of hypo- 
albuminemia would in itself explain the low colloid osmotic pressure, 
since the smaller molecules of protein are the ones which exert the 
greater osmotic effect. The exact mechanism which brings about this 
deficiency is unknown, but presumably in these cases it is closely related 
to hepatic injury. Although the alteration in the colloid osmotic pressure 
of the blood serum is not the sole factor in production of edema and 
ascites in some of these diseases, it is certainly important and must be 
evaluated in order to permit an understanding of the existing abnormall- 
ties in distribution of fluid between blood and tissues. 

Enough is known of the relation of plasma protein to the distribution 


of the body fluids to assume that the low levels encountered in hepatic 


disease are not without some effect on the production of ascites and 
edema. The formation of excessive ascitic fluid usually involves a 
disturbance of one or several factors. There can be a decrease in the 
27. Foord, A. G.; Youngberg, G. E., and Wetmore, V.: The Chemistry and 
Cytology of Serous Fluids, J. Lab. & Clin. Med. 14:417, 1929. 
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colloid osmotic pressure, increased venous pressure, impaired drainage 
of lymph or increased capillary permeability. In hepatic disease there 
are present frequently a low colloid osmotic pressure and perhaps an 
increased portal venous pressure and increased capillary permeability. 

There is good anatomic evidence to indicate that in cirrhosis of the 
liver there is an increased venous pressure in the portal system, but few 
direct measurements are on record. MclIndoe,** working on livers 
obtained at necropsy from patients with portal cirrhosis, observed that 
when the livers were perfused through the portal vein with physiologic 
solution of sodium chloride at a pressure of 260 to 400 mm. of water, 
only about a third of the solution flowed out of the hepatic vein. Thomp- 


9 


son and others *® measured the pressure in the splenic vein by direct 
readings at operation on patients with Banti’s syndrome associated with 
cirrhosis of the liver. The average pressure in the splenic vein was 
360 mm. of water, in contrast to the 117 mm. of water observed for the 
controls. In our series of cases of cirrhosis of the liver the colloid 
osmotic pressure averaged between 200 and 250 mm. of water, values 
below the average for portal venous pressure determined experimentally. 
It is probable, then, that in cirrhosis of the liver the pressure in the 
portal system exceeds the colloid osmotic pressure in the blood, thus 
producing an abnormally high hydrostatic pressure in the capillaries, 
while the effective osmotic pressure of the blood is either normal or 
secondarily diminished. The osmotic equilibrium thus is disturbed in a 
manner favoring transudation. There are other cases, however, in which 
reduction of the colloid osmotic pressure is a primary factor. In 
cirrhosis of the liver the tendency toward formation of excessive ascitic 
fluid possibly can be explained by the increased venous pressure in the 
portal system in addition to the reduction in the colloid osmotic pressure 
and the possible injury of the capillary membrane. However, there are 
some experimental results which indicate that the process is not so 
simple. In some recent unpublished studies on experimentally produced 
cirrhosis in dogs, Bollman *° found that the appearance of ascites and 
edema was not directly related to any exact protein value (“edema 
level’) or level of colloid osmotic pressure. The rapidity of transuda- 
tion of fluid was more directly related to the extent of the hepatic injury. 


SUM MARY 
The molecular activity of the serum protein as measured by the 


colloid osmotic pressure was studied in examining patients with cirrhosis 


28. McIndoe, A. H.: Vascular Lesions of Portal Cirrhosis, Arch. Path. 5:23, 
1928. 

29. Thompson, W. P.; Caughey, J. L.; Whipple, A. O., and Rousselot, L. M.: 
Splenic Vein Pressure in Congestive Splenomegaly (Banti’s Syndrome), J. Clin. 
Investigation 16:571, 1937. 

30. Bollman, J. L.: Personal communication to the authors. 
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f the liver or various forms of obstructive jaundice. Similar studies 


vere applied to ascitic fluid from various sources. 
The colloid osmotic pressure of the serum of patients with chronic 
atrophy of the liver (cirrhosis) often was reduced to half the normal 


value. In some cases in which edema and ascites were present the value 
for colloid osmotic pressure was lower than the estimated hydrostatic 
pressure of the portal venous system. For patients with obstructive 
jaundice the values for colloid osmotic pressure also were substantially 
reduced, often without respect to the depth of jaundice in the individual 
Case. 

In all the types of conditions studied there was no constant relation 
hetween the level of serum protein and the colloid osmotic pressure ; 
there was, as might have been predicted, better correlation between 
osmotic pressure and concentration of serum albumin. In hepatic dis- 
ease no constant “edema level,” as measured by the colloid osmotic 


pressure, could be demonstrated 





EFFECT OF LARGE DOSES OF INSULIN ON THE 
PROTEINS AND THE COLLOID OSMOTIC 
PRESSURE OF BLOOD SERUM 


HUGH R. BUTT, M.D 
AND 
ANCEL. KEYS, Pxs:.D.* 


ROCHESTER, MINN. 


The recent widespread use of “insulin shock” therapy for schizo 
phrenia (dementia praecox) makes it desirable to evaluate more pre- 
cisely the effects of large doses of insulin on the protein in the blood 
serum of human beings. Traumatic and the other more common types 
of shock are characterized by general hemoconcentration involving both 
red blood cells and plasma protein; the clinical sequence of falling 
blood pressure, rising pulse rate and circulatory collapse is referabl 
to a loss of fluid from the blood to the tissues. It is not at all certain 
that any similar loss of fluid occurs in “insulin shock.” 

The term insulin anhydremia has been used to describe the effect 
of insulin in bringing about a rapid and large increase in the hemo 
globin concentration of the blood.t. It is doubtful whether this desig- 
nation is applicable, because, in contrast with the changes in the hemo- 
globin concentration, variable changes in the plasma protein content 
have been reported. 


* Now Associate Professor of Medicine and Education, University of Minnesota 
From the Division of Medicine of the Mayo Clinic and the Division of 


3iochemistry of the Mayo Foundation. 

This work was done in the Division of Biochemistry of the Mayo Foundation 
and this paper represents part of the work for which the John Horsley Memorial 
Prize for 1938 was awarded to Dr. Butt by the University of Virginia. 

1. (a) Drabkin, D. L., and Edwards, D. J.: The Production of Anhydremia 
with Insulin, Am. J. Physiol. 70:273, 1924. (b) Klein, O.: Zur hormonale: 
3eeinflussung des Wasserhaushaltes beim Diabetes mellitus durch Insulin und 
Pituitrin, Ztschr. f. klin. Med. 100:458, 1924. (c) Staub, H.: Insulin zur 
Einfiihrung in die Insulintherapie des Diabetes mellitus, Berlin, Julius Springer, 
1924, p. 63. (d) Yamaguchi, T.: Studien itiber Fliissigkeitsaustausch: V 
Hormonale Beeinflussung des intermediaren Fliissigkeitsaustausches im gesunden 
und sogenannten nierenkranken Zustande des Hundes, Tohoku J. Exper. Med 
9:551, 1927. (ec) Drabkin, D. L., and Shilkret, H.: Insulin Anhydremia: 
Importance of the Water-Reserve in Physiological Crisis, Am. J. Physiol. 83: 
141, 1927. (f) Kimura, K., and Takahashi, H.: Beeinflussung des Stoffumsatzes 
quergestreifter Muskeln durch direkte Einwirkung von Insulin: Ein Beitrag zur 
Frage des Wirkungsmechanismus von Insulin, Tohoku J. Exper. Med. 10:215, 
1928. (g) Winter, F.: Ueber den Einfluss des Insulins auf den Wasserstoff wechsel 
des Gesunden und Diabetikers, Acta med. Scandinav. 80:136, 1933. 
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Klein and Kment? administered from 40 to 80 units of insulin to 


patients with disease of the liver and obtained variable responses in 


the plasma protein content. Taubenhaus and Rosenzweig * reported 
that the concentration of plasma protein increased slightly in most of 
their 16 patients who received from 20 to 40 units of insulin. The 
latter authors agreed with Klein and Kment? that the globulin frac- 
tion tends to increase. In a preliminary paper on “insulin shock”’ 
therapy Zozaya* stated, without giving details: “We notice a marked 
increase in the total protein at the coma.” 

Inconsistent results have been reported from animal experiments. 
Sakurai, Huruya and Inoue® found that insulin usually produces a 
slight decrease in the plasma protein value for rabbits. Kerr ° 
reported a decrease of about 1 per cent in dogs after injection of 10 
to 80 units of insulin, but Kikuta,’ also working with dogs, reported a 
slight increase in the concentration of protein in the plasma. 

There is even less agreement about the effect of insulin on the 
colloid osmotic pressure of the blood serum. After the injection of 


s 


insulin into rabbits Kylin*® found an initial decrease of 8 to 43 mm. 
of water, followed by a secondary rise. Tada and Nakazawa ® reported 


exactly the opposite result, while Oelkers *° could find no effect at all. 

2. Klein, O., and Kment, M.: Beobachtungen iiber Insulin-Hypoglykamie 
beim Menschen: III. Verhalten der Eiweissfraktionen des Blutes, des Bilirubins, 
der Blutkonzentration und der Blutgerinnung, insbesondere bei Leberkranken, 
Ztschr. f. klin. Med. 107:476, 1928. 

3. Taubenhaus, M., and Rosenzweig, S.: Ueber die Wirkung des Insulins auf 
das Bluteiweissbild und deren Beeinflussung durch Kohlehydratgaben und Coffein, 
Ztschr. f. klin. Med. 118:719, 1931. 

4. Zozaya, J.: Physicochemical Changes in Blood Serum of Patients with 
Schizophrenia Treated by Hypoglycemic Shock, Proc. Soc. Exper. Biol. & Med. 
37:327, 1937. 

5. Sakurai, T.; Huruya, A., and Inoue, K.: Ueber « 
auf einige Bestandteile des Blutserums, J. Biochem. 4:333, 1924. 

6. Kerr, S. E.: The Effect of Insulin and of Pancreatectomy on the Dis- 
tribution of Phosphorus and Potassium in the Blood, J. Biol. Chem. 78:35, 
1928. 

7. Kikuta, T.: Vergleichende Untersuchungen tber die Veranderungen des 
Zucker-, Milchsaure- und Eiweissspiegels in der Lymphe sowie im Blut; ein 
Beitrag zur Kenntnis des intermediaren Kohlehydratstoffwechsels in der Leber: 
I. Insulinwirkung, Tohoku J. Exper. Med. 25:148, 1935. 

8. Kylin, E.: Studien iiber den kolloidosmotischen (onkotischen) Druck: 
XVII. Ueber den Einfluss des Insulins auf den kolloidosmotischen Druck, Arch. 
f. exper. Path. u. Pharmakol. 161:692, 1931. 

9. Tada, S., and Nakazawa, F.: Hormonale Beeinflussung des_ kolloid- 
osmotischen Drucks des Bluts, Tohoku J. Exper. Med. 15:119, 1930. 

10. Oelkers, H. A.: Hormonale Beeinflussung des kolloid-osmotischen Drucks ; 
kolloid-osmotischer Druck und Diurese, Arch. f. exper. Path. u. Pharmakol. 160: 
9, 1931. 
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A study of the insulin therapy for schizophrenia at the Mayo Clinic 


(Rosenberg and others '') afforded an opportunity to study these ques- 


tions on physically normal subjects receiving large doses of insulin. 


METHODS 

The subjects were physically normal men with schizophrenia. They were all 
in relatively robust general health and had been selected as suitable for study 
after several months of institutional life, including the taking of a standard 
institutional diet. Studies were also carried out on dogs which were accustomed 
to the procedures of bleeding and injection. 

All the studies on men were made while the subject was at rest in bed and 
fasting. Blood was drawn into an oiled syringe from the antecubital vein 
immediately before the hypodermic injection of from 20 to 130 units of insulin. 
With one or two exceptions, marked signs of “insulin shock” developed. A second 
sample of blood was drawn at the height of the insulin reaction, from one t 
two hours later. 

The blood sugar value was determined for fresh whole blood by means of 
the Shaffer-Somogyi!? modification of the Shaffer-Hartmann1* method. The 
rest of the blood was allowed to clot, and the serum was separated immediately 
thereafter. The protein content of the serum was estimated by the standard 
Kjeldahl procedure, and the method of Howe !4 was used for the separation of 
albumin and globulin. 

The colloid osmotic pressure of the blood serum was measured by a modi 
fication of the membrane bag arrangement used by Starling,}5 Adair 1® and 
others. The details of the method will be presented elsewhere, but a few essentials 
may be given here. The serum was diluted with an equal volume of a phosphate 
buffer solution at pu 7.4, which was approximately isoionic and iso-osmotic with 
the serum. Small, fairly rigid collodion sacs were used which had been previously 
tested and shown to be protein tight. The same buffer solution was used for 
the external medium, and the entire system was kept at 0 C. Usually equilibration 
was complete within forty-eight hours, but in all cases the osmometers were 
observed several days longer. At the end of equilibration the nitrogen content 
was determined in both inner and outer fluids and compared with the protein and 
nonprotein nitrogen values for the original serum. Values for the total colloid 

11. Rosenberg, E. F.; Smith, B. F.; Wilder, R. M., and Moersch, F. P.: 
Treatment of Schizophrenia (Dementia Praecox) by Insulin Hypoglycemia: 
I. Preliminary Report, Proc. Staff Meet., Mayo Clin. 12:273, 1937. 

12. Shaffer, P. A., and Somogyi, M.: Copper-Iodometric Reagents for Sugar 
Determination, J. Biol. Chem. 100:695, 1933. 

13. Shaffer, P. A., and Hartmann, A. F.: The Iodometric Determination of 
Copper and Its Use in Sugar Analysis: II. Methods for the Determination of 
Reducing Sugars in Blood, Urine, Milk, and Other Solutions, J. Biol. Chem. 
45:365, 1921. 

14. Howe, P. E.: The Determination of Proteins in Blood—A Micro Method, 
J. Biol. Chem. 49:109, 1921. 

15. Starling, E. H.: On the Absorption of Fluids from the Connective Tissue 
Spaces, J. Physiol. 19:312, 1896. 

16. Adair, G. S.: Direct Method of Measuring the Osmotic Pressure of 
Hemoglobin, Proc. Roy. Soc., London 108:627, 1925. 
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corrected to the original concentration of protein in 


osmotic pressure were 
dilution (Keys1* and 


the serum by means of standard curves for protein 


Keys and Butt 15). All determinations were made in duplicate. 


RESULTS 


The results of the studies on the schizophrenic men are summar- 
able 1. In every case both the concentration of total protein 


ized in 
Protem Concentration and Colloid Osmotic Pressure 
Man After the Intramuscular Injection of 


Large Doses of Insulin 


TABLE 1.—Changes in 
the Blood Serum of 


Blood Serum 


Blood Total Changt 
Reducing Change ‘hang Colloid in 
Substance Total in Albumin Osmotie Colloid 
Sampk as Sugar, Protein, Total Nitrogen, Albumin Pressure, Osmotic 
and Units of Mg. per Gm. per Protein, Mg. per Nitrogen, Mm.of Pressure, 


bject Time* Insulin 100 Ce. 100 Ce. ‘ 100 Ce. Water + 
M { 2 20 64 
44 


959 


Mi 


R 
71 
M4 


R 
60 


He R 
45 


Mean changes.. > - + 5.3 , 


* R indicates the sample taken immediately preceding the injection of insulin. The numbers 
indicate the number of minutes after the injection of insulin. 


in the serum and the colloid osmotic pressure rose. The rise in colloid 
osmotic pressure was beyond the experimental error for all the patients, 
with the possible exception of M,, while the rise in the serum protein 
value could be considered doubtful in the studies on ME, G and possibly 
G,. In another series of studies of 9 patients we found an average 
rise of 4.2 per cent in the concentration of serum protein, with a range 
from + 0.3 to + 10.4 per cent. 

17. Keys, A.: 
and the Mean Molecular Weight of the Mixed 


Phys. Chem. 42:11, 1938. 
18. Keys, A., and Butt, H. R.: Unpublished data. 


The Study of Colloidal Dimensions, Thermodynamic Activity, 
Proteins in Blood Serum, J. 
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There can be no doubt that in subjects with this type of condition 
at least, the injection of 20 to 130 units of insulin results in a small 
but significant rise in the concentration of total plasma protein. This 


increase was considerably less than would correspond with some of 
20 


the changes in hemoglobin concentration, which ranged up to from 
to 40 per cent, if both processes were the result of a simple loss of 
water from the blood. 

It will be noted that the albumin value appeared to change on the 
average in proportion to the total protein content, but there were con- 
siderable deviations in individual experiments. Both practical experi- 
ence and theory, however, lead one to view quantitative estimations of 


TABLE 2.—Changes in Protein Concentration and Colloid Osmotic Pressure 
in Dogs After the Intramuscular Injection of One Unit of 
Insulin per Kilogram of Body Weight 
Change 
Reducing Total Change Change Colloid in 
Substance Serum in Albumin in Osmotic Colloid 
as Sugar, Protein, Total Nitrogen, Albumin Pressure, Osmotic 
Mg. per Gm. per Protein, Mg. per Nitrogen, Mm. of Pressure, 
Sample* 100 Ce. 100 Ce. % 100 Ce. % Water % 
Before 62 5.75 448 
After 26 7.08 +23.1 512 +14.3 283 
Before 64 6.17 523 
After 35 6.23 + 1.0 492 
Ct Before 70 6.99 595 
After 33 6.68 — 4.4 460 
D Before 80 6.22 
After 30 6.04 — 2.9 
oO Before 98 5.96 628 
After +12.6 607 
+ 5.9 — 4.4 
* In each case the first sample was taken immediately before the insulin was injected and 


the second sample forty-five minutes later. 
+ In these cases the stellate ganglions had been removed long before the present experi 


ments were performed. 





“albumin” with much suspicion. The fraction of the protein which 
precipitates when a given amount of a foreign salt is added is only too 
easily influenced by alterations in the other electrolytes, the py, the 
temperature and the time factors to justify any reliance on this method 
of so-called fractionation of proteins. It can be said, however, that 
the changes in the “albumin” are of the same order as the changes in 
the total protein content. 

For comparison with the studies on man we carried out experi- 
ments on 5 dogs; the results are summarized in table 2. The results 
were much more variable than those obtained for human beings; we 
are unable to explain this difference other than by stating that in our 
experience results from animal experimentation are almost always 
more variable than the results of studies on human beings. It should 
be pointed out that though both the men and the dogs were accustomed 
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to injections and venipuncture, the men were unquestionably less excited 
by the procedures. 

The blood sugar values given in tables 1 and 2 are actually only 
values for reducing substance. By the method used, nondextrose reduc- 
ing substances (such as glutathione and ascorbic acid) account for 
something like 20 to 30 mg. of the reported “blood sugar” value. This 
means that, except for the studies on subject P, the value for sugar in 
the blood after the administration of insulin declined practically to the 
vanishing point. 

It is of interest to note that subject P, who received the largest 
doses of insulin, was extremely resistant to the hormone so far as 
could be judged from his general response and the effect on the level 
of sugar in the blood. In spite of this fact the changes in the serum 


protein value and the colloid osmotic pressure were similar to the 


changes seen in the other subjects. 


THE SIGNIFICANCE OF ALTERATIONS IN THE COLLOID 
OSMOTIC PRESSURE 
Alterations in the volume of blood as a result of injection of insulin 
have been argued, chiefly on the basis of changes in the concentration 
of hemoglobin. Drabkin and Edwards‘ and Levine and Kolars 
claimed that insulin produces anydremia in both dogs and rabbits; 
Haldane and others *° 
effect, while Hamilton and his colleagues ** found no change. These 


and Olmsted and Taylor ** reported an opposite 


differences in results may be due to the different experimental con- 
ditions, animals and methods involved. The changes in the protein 
concentration of the serum reported here might be taken to indicate a 
slight but consistent reduction in blood volume. However, the changes 
in colloid osmotic pressure must be taken into account. 

Since the colloid osmotic pressure rose, in per cent terms, appreci- 
ably more than did the concentration of serum protein, it might be 
thought that the blood had been enriched with a new supply of protein 
of low molecular weight. This simple argument, however, neglects 

19. Levine, V. E., and Kolars, J. J.: The Effect of Insulin on the Morphological 
Blood Picture, with a Note on the Relation of Diet to the Convulsions Induced 
by Insulin, Am. J. Physiol. 74:695, 1925. 

20. Haldane, J. B. S.; Kay, H. D., and Smith, W.: The Effect of Insulin on 
Blood Volume, J. Physiol. 59:193, 1924. 

21. Olmsted, J. M. D., and Taylor, A. C.: The Effect of Insulin on the Blood: 
I. Changes in Oxygen Saturation, Percentage Hemoglobin and Oxygen Capacity, 
Am. J. Physiol. 69:142, 1924. 

22. Hamilton, W. F.; Barbour, H. G., and Warner, J. H.: Does Insulin 
Significantly Affect the Blood Concentration? J. Pharmacol. & Exper. Therap. 
24:335, 1924. 
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the fact that the osmotic activity per unit of protein of the mixed 
serum proteins increases with increasing concentration. This effect 
may be allowed for approximately in calculation by the use of the tables 
developed by Keys." 

The accompanying chart shows the relation between the observed 
colloid osmotic pressure after the administration of insulin and the 
colloid osmotic pressure which would be predicted from the protein 
concentration on the assumption that no change in the state of aggre- 
gation occurs. In other words, the values plotted on the ordinate in 
chart 1 are the values which would have been obtained if the protein 
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after the injection of insulin with the colloid osmotic pressure predicted from the 
change in concentration of total protein in the serum, assuming no alteration in the 
mean molecular weight. 


concentration in the serum had been changed simply by an alteration 
of the amount of water in the system. The method of calculation is 
simple: Predicted C.O.P., — C.O.P., xX 2 x z, the subscripts 1 
and 2 referring to values before and after the administration of insulin, 
C referring to the concentration of total protein in the serum and the 
values for f, corresponding to the values for C, being taken from table 2 
in a previously published paper.‘ 

In spite of the fact that a number of the individual predictions 
differ significantly from the observed colloid osmotic pressure in “insulin 
shock,” there is no consistent trend of difference. The mean predicted 
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value for the colloid osmotic pressure, assuming no change in the serum 
protein content, in the complete studies of 9 men was 312 mm. of 
water, as compared with an observed mean value of 311 mm. The 
observed mean value before the administration of insulin in the same 
studies was 284 mm. of water (at 0 C.). It is clear that on the average 
there was no change in the physical state of aggregation of the proteins 
and that the mean molecular weight of the mixed proteins in the serum 
was not altered. 

These findings place definite limitations on the possible alterations 
in blood volume in these studies. In view of the large increases in 
concentration of hemoglobin frequently observed in “insulin shock,” a 
possible decrease in blood volume may be considered. A decrease in 
blood volume may be brought about: (1) by a loss of pure whole 
plasma to the tissues, (2) by a loss of protein-free fluid to the tissues 
and (3) by a loss of fluid containing some of the smaller and there- 
fore more filtrable proteins to the tissues. A loss of pure whole plasma 
may be ruled out, as this occurs only in rare terminal conditions 
when the integrity of the capillary membrane is completely destroyed. 
The analysis of the measurements of the colloid osmotic pressure 
rules out the third possibility (differential filtration). Accordingly 
the only way in which a decrease of blood volume could have occurred 
must have been by the loss of protein-free fluid from the blood to the 
tissues. 

The general order of magnitude of this loss of protein-free fluid 
may be calculated if it is assumed that no additional protein entered 
the blood stream during the experimental period. Two reasons may 
be adduced in support of this assumption: 1. There are no known 
reservoirs of protein which can contribute, in the space of an hour or 
so, appreciable supplies of new protein to plasma which already has a 
normal protein level. 2. If new protein were added it would be sur- 
prising if it had precisely the same mean molecular weight as the 
protein already in the blood stream. On this assumption there was an 
indicated average reduction of about 5 per cent in the plasma volume, 
of about 130 cc. of fluid in a man weighing about 60 Kg. This would 
account for an increase in the hemoglobin concentration of only about 
3 per cent. There seems to be no alternative to the conclusion that the 


principal change in the concentration of blood is referable to an addition 


of red blood cells from reservoirs such as the spleen and liver and a 
small loss of fluid from the plasma. It seems improbable that any 


significant change in the total blood volume occurs 


COM MENT 


“Insulin shock” has come to be the most common term used to 


designate the clinical manifestations of extreme hypoglycemia follow- 
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ing administration of insulin. In other conditions of shock—surgical, 
burn and cholera shock—the most characteristic and significant feature 
is a marked loss of fluid from the vascular system. In this respect 
“insulin shock” is different. It is notable that in “insulin shock” the 
pulse rate shows only a slight to moderate increase and the blood pres- 
sure, though more variable than normal and frequently somewhat low, 
never falls to the level associated with other types of shock (Stokvis 2°). 
It seems preferable to refer to this condition as insulin collapse or 
to use some other term which does not imply a relation to the more 
common types of shock. 

Another point of differentiation between insulin collapse and the 
shock state is in the oxygen saturation of the blood. In severe traumatic 
shock, for example, the venous blood frequently has a low saturation. 
We have found, however, that the oxygen saturation of venous blood 
from the arm in insulin collapse is high and even approaches the 
arterial level. In 2 cases the values before insulin was given were 
62 and 76 per cent, respectively ; during the height of the reaction the 
values were 79 and 84 per cent, respectively. 


SUMMARY 
The effect of injections of insulin on the protein content and the 
colloid osmotic pressure of the blood serum was studied in physically 
normal men with schizophrenia and in dogs. Doses of 1 unit of insulin 


per kilogram of body weight were used for the dogs and doses of 20 
to 130 units for the men. 

In all cases after the administration of insulin there was a rise in 
the concentration of total serum protein; in nineteen studies on men 
this increase averaged 4.7 per cent. On the average the albumin con- 
centration changed in proportion to the total protein content. 


In all cases there was an increase in the colloid osmotic pressure 
of the serum of the men; the average rise for nine studies was 9.7 
per cent. Calculations are presented to show that on the average the 
mean molecular weight of the serum protein is unchanged in acute 
insulin hypoglycemia. 

It is concluded that “insulin shock” bears no close relation to other 
types of shock, that the total blood volume is at most only slightly 
altered and that the principal change in the blood concentration is a 
result of the addition of new red blood cells to the active circulation. 


Dr. B. F. Smith made it possible for us to use the facilities of the Rochester 
State Hospital. Dr. E. F. Rosenberg cooperated in the study of the schizophrenic 
subjects, and Dr. W. C. Corwin, fellow in the Mayo Foundation, carried out the 
procedures on the dogs. 


23. Stokvis, B.: Registration of Blood Pressure During Insulin Shock in 
Schizophrenic Patients, Nederl. tijdschr. v. geneesk. 81:4373, 1937. 
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Quiet standing results in hemoconcentration, generally referred to a 


loss of fluid by transudation to the tissue spaces of the extremities.’ 


The alterations in the blood are similar to those produced by simple 
venous stasis.2, Along with a general rise in the concentration of the 
* Now associate Professor of Medicine and Education, University of Minnesota 
From the Division of Biochemistry of the Mayo Foundation and the Division 

of Medicine of the Mayo Clinic. 

This work was done in the Division of Biochemistry of the Mayo Foundation, 
and this paper represents part of the work for which the John Horsley Memorial 
Prize for 1938 was awarded to Dr. Butt by the University of Virginia. 

1. (a) Carrier, E. B., and Rehberg, P. B.: Capillary and Venous Pressure 
in Man, Skandinav. Arch. f. Physiol. 44:20, 1923. (b) Thompson, W. O.; Thomp 
son, P. K., and Dailey, M. E.: The Effect of Posture on the Composition and 
Volume of the Blood in Man, J. Clin. Investigation 5:573, 1928; (c) The Effect 
of Posture upon the Composition and Volume of the Blood in Man, Proc. Nat. 
Acad. Se. 14:94, 1928. (d) Drury, A. N., and Jones, N. W.: Observations 
upon the Rate at Which Oedema Forms When the Veins of the Human Limb Are 
Congested, Heart 14:55, 1927. (e) Harrop, G. A., Jr., and Waterfield, R. L.: 
The Effect of Posture on the Composition and Volume of the Blood and on Its 
Selective Diffusion into the Lymph Spaces, J. Physiol. 70:xxxii, 1930. (f) Turner, 
A. H.; Newton, M. I., and Haynes, F. W.: The Circulatory Reaction to Gravity 
in Healthy Young Women: Evidence Regarding Its Precision and Its Instability, 
Am. J. Physiol. 94:507, 1930. (g) Waterfield, R. L.: The Effects of Posture 
on the Circulating Blood Volume, J. Physiol. 72:110, 1931. 

2. (a) Bohme, A.: Ueber die Schwankungen der Serumkonzentration beim 
gesunden Menschen, Deutsches Arch. f. klin. Med. 103:522, 1911. (b) Rowe, 
A. H.: The Effect of Venous Stasis on the Proteins of Human Blood Serum, 
J. Lab. & Clin. Med. 1:485, 1916. (c) Mende, D.: Ueber Hyperamie und Oedem 
bei der Hemmung der Riickflusses des vendsen Blutes durch die Staubinde, 
Deutsche Ztschr. f. Chir. 150:379, 1919. (d) Krogh, A.; Landis, E. M., and 
Turner, A. H.: The Movement of Fluid Through the Human Capillary Wall 
in Relation to Venous Pressure and to the Colloid Osmotic Pressure of the 
Blood, J. Clin. Investigation 11:63, 1932. (e) Landis, E. M.; Jonas, L.; Angevine, 
M., and Erb, W.: The Passage of Fluid and Protein Through the Human 
Capillary Wall During Venous Congestion, ibid. 11:717, 1932. (f) Landis, 
E. M., and Gibbon, J. H., Jr.: The Effects of Temperature and of Tissue 
Pressure on the Movement of Fluid Through the Human Capillary Wall, ibid. 
12:105, 1933. 
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blood there is a marked increase in the colloid osmotic pressure of the 
serum under these conditions.® 
Man and Peters * found that the rise in the concentration of plasma 


protein with standing is paralleled, in general, by rises in the concentra- 


tions of cholesterol, fatty acids and lipoid phosphorus in the serum. 
They concluded that the capillaries are equally impermeable to all these 
substances. This conclusion is important enough to warrant independent 
confirmation. In particular it appears that possible osmotic consequences 
should be studied. 

There is still some uncertainty as to whether the capillaries are, under 
these conditions, completely impermeable to protein. Thompson, Thomp- 
son and Dailey ** compared measurements of the plasma volume by the 
dye method with concentrations of serum protein and concluded that the 
transudate is free from protein. This was denied by Waterfield ** on 
the basis of measurements of blood volume by the carbon monoxide 
method. Krogh, Landis and Turner 74 found that significant leakage 
of protein occurs in venous stasis when the pressure exceeds 70 cm. of 
water. During quiet standing the venous pressure in the foot is 
ordinarily of the order of 90 to 120 cm. of water (Youmans and 
others *®). Youmans and his colleagues did not find alterations in the 
albumin-globulin ratio in the serum after standing, but measurements of 
albumin and globulin supply scarcely satisfactory evidence to warrant 
the conclusion that no differential filtration occurred. Results of studies 
on albumin and globulin in venous stasis are not entirely consistent.” 


EXPERIMENTAL PROCEDURE 


For our studies normal young men and a normal young woman served as 
subjects. All the studies were carried out in the morning with the subject in the 
postabsorptive state. After thirty minutes of rest in bed a sample of blood was 
taken from the arm; the bed was tipped, and samples of blood were taker 
from the arm and foot after twelve to thirty-five minutes. In the first experi 
ments angles of 65 to 85 degrees from the horizontal were used, but in the main 


4 


3. (a) Ni, T. G., and Rehberg, P. B.: On the Influence of Posture on 
Kidney Function, J. Physiol. 71:331, 1931. (b) Youmans, J. B.; Wells, H. S.; 
Donley, D., and Miller, D. G.: The Effect of Posture (Standing) on the Serum 
Protein Concentration and Colloid Osmotic Pressure of Blood from the Foot 
in Relation to the Formation of Edema, J. Clin. Investigation 13:447, 1934. (c) 
Wells, H. S.; Youmans, J. B., and Miller, D. G.: A Formula and Nomogram 
for the Estimation of the Osmotic Pressure of Colloids from the Albumin and 
Total Protein Concentrations of Human Blood Sera, ibid. 12:1103, 1933. (d) 
Krogh, Landis and Turner.?4 

4. Man, E. B., and Peters, J. P.: Permeability of Capillaries to Plasma 
Lipoids, J. Clin. Investigation 12:1031, 1933. 

5. Plass, E. D., and Rourke, M. D.: The Effect of Venous Stasis on the 
Proteins of Blood Plasma and on the Rate of Sedimentation of the Red Blood 
Corpuscles, J. Lab. & Clin. Med. 12:735, 1927. Rowe.2» 
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series of studies an angle of 54 degrees was used. The less acute angle was 
preferred because the subject remained comfortable and well relaxed and the 
changes in concentration were no different from those seen with the more acute 
angle of posture. 

All samples of blood were taken without any externally applied stasis. The 
blood was drawn into an oiled syringe and immediately transferred to centrifuge 
tubes with heparin for measurements of whole blood and without heparin for sepa- 
ration of serum. 

METHODS 

The hemoglobin value was estimated by means of the oxygen capacity and in 
some cases by the photelometric method of Sanford and Sheard. Nitrogen was 
measured by a micro-Kjeldahl method, vacuum distillation being used. The 
nonprotein nitrogen value was estimated in the Folin-Wu filtrate. The lipoid 
content was estimated by the method of Bloor,® with some modifications. Colloid 
osmotic pressure was measured at 0 C. by a modification of the classic membrane 
bag arrangement of Starling? as used by Adair.S All determinations were made 
in duplicate. 


RESULTS 

The condensed results of two typical experiments on one subject are 
given in the accompanying table. Chart 1 summarizes, in terms of per- 
centage of change, the average results obtained in studies on 6 normal 
subjects, with whom identical procedures were used. 

The most obvious feature in these studies was that the average altera- 
tions in four substances—total lipoids, total fatty acids, cholesterol and 
total protein—were identical within the limits of error. This was true in 
blood both from the foot and from the arm, but the changes in the blood 
from the foot were twice as great as those in the blood from the arm. 

In our studies the concentrations of all the lipoid fractions increased 
in every instance. The least increase and the greatest disparity between 
changes in the protein and the lipoid occurred in blood from the arm in 
the second study on subject HB (table). To make a more complete 
comparison with the results of Man and Peters* we performed two 
studies in which the values for lipoid phosphorus and total protein were 
determined. The concentration of lipoid phosphorus in blood from the 
foot rose 18 and 13.5 per cent as compared.with increases in the concen- 
tration of protein of 20.9 and 14.7 per cent, respectively. 

In 8 cases the concentration of the albumin in the serum was 


measured separately by the method of Howe.’ In all cases the con- 


6. Bloor, W. R.: The Determination of Cholesterol in Blood, J. Biol. Chen 
24:227, 1916. 

7. Starling, E. H.: On the Absorption of Fluids from the Connective Tissue 
Spaces, J. Physiol. 19:312, 1896. 

8. Adair, G. S.: Direct Method of Measuring the Osmotic Pressure 
Hemoglobin, Proc. Roy. Soc., London 108:627, 1925 

9. Howe, P. E.: The Determination of Proteins in Blood—A Micro Method, 
J. Biol. Chem. 49:109, 1921. 
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centration of albumin increased with standing, and the increase was, 
roughly at least, proportional to the increase in total protein. These 
results are summarized in chart 2. 

It should be noted that, apart from the limitations of the accuracy 
of the method for albumin, the comparison presented in chart 2 is not a 
sensitive test for the constancy of the average size of the protein 
molecules. Since in these studies about two thirds of the total protein is 
albumin, any changes in albumin would be closely reflected in the total 
protein concentrations, even if globulin did not participate to the same 
extent. The results appear in a much less satisfactory light if the 
indicated changes in globulin are expressed as percentage deviations 
from the changes in albumin. These values for the same studies, as 
summarized in chart 2, run as follows: + 11, —1.5, —12.5, + 14, 


Summarised Results of Two Experiments on H. B. Showing Alterations in Con- 
centration of the Blood Resulting from a Relatively Upright Posture 
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+7.5,—1, + 3 and + 26.5 per cent. We do not interpret these results 
as indicating a significant lack of correspondence between changes in the 
albumin and in the globulin. To us, at least, these results indicate merely 
the technical limitation of the albumin-globulin method. In a number 
of studies we have consistently found that analyses in terms of albumin 
and globulin are inadequate for exacting quantitative studies. 
COMMENT 

It is generally believed that the capillaries are normally impermeable 
to lipoids (Gardner and Gainsborough,’ Gaal ** and Man and Peters *). 
The present results indicate that lipoids are restrained by the capillary 
wall to the same extent as are the proteins. There remains the question 
whether this has any consequence on osmosis. 


10. Gardner, J. A., and Gainsborough, H.: Cholesterol Secretion in the Urine, 
Biochem. J. 19:667, 1925. 

11. Gaal, A. M.: Untersuchungen iiber Cholesterinstoffwechsel, Ztschr. f. d- 
ges. exper. Med. 71:690, 1930. 
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There are indications that some of the lipoids in blood plasma are 
bound to proteins. Handovsky ** found that a fourth of the cholesterol 
in Ox serum is firmly bound to globulin. Turner and Gibson ™* reported 
that about half the plasma lipoids are carried down with the protein 
precipitate when proteins are salted out of serum. However, at least 
half the total lipoid in blood plasma appears to be “free,” i. e., not bound 
to protein, and the osmotic pressure of this fraction can be estimated 
for the limiting condition in which the lipoids are molecularly dispersed. 

The molecular weight of cholesterol is 386, that of the phospholipoids 
can be taken as 770 and the average molecular weight for the true fats 
in blood plasma may be estimated as about 870. In plasma containing 
600 mg. of total lipoids per hundred cubic centimeters, of which 200 mg. 
represents cholesterol and 200 mg. phospholipoids, the molar concentra- 
tion of the lipoids would be 74s plus 7479 plus 3479, or 0.01. The total 
osmotic pressure of an ideal 0.01 molar solution would be 0.01 * 22.4 

700 13.5 == 2,300 mm. of water. If it is assumed that as much as 
half the lipoids are firmly bound to protein, there remains about 
1,150 mm. of water as the potential osmotic contribution of the lipoids 
in plasma. Since the total colloid osmotic pressure of normal blood 
serum is only about 300 to 400 mm. of water (that is, about the same 
as the hydrostatic pressure in the capillaries), it is obvious that not more 
than a minute fraction of the total lipoids can be osmotically active. 

In the present studies the average increase in the total lipoid content 
amounted to 111 mg. per hundred cubic centimeters, and the potential 
osmotic increment, following the foregoing calculation, would amount 
to about 210 mm. of water if all the lipoids were restrained by the mem- 
brane and 50 per cent of the lipoids were in a free state of molecular 
dispersal. As will be shown, the changes in the colloid osmotic pres- 
sure with the upright posture agree with the calculations from the 
protein concentrations within about 5 to 10 mm. of water. Accordingly 
the maximum effect of the lipoids may be put at less than the equivalent 
of 2 per cent of the molar concentration of the lipoids. 

Two other methods for studying the possible effect of lipoids on the 
colloid osmotic pressure were applied in single experiments. In the first 
case, OX serum was extracted briefly with cold ether and then dialyzed 
against a saline buffer until the ether had been removed. At an equiva- 
lent concentration of protein the specific colloid osmotic pressure of the 
serum was not significantly altered, in spite of the fact that the lipoid 
content of the serum was reduced to 69 per cent of the initial concentra- 
tion. In the second case a sample of lipemic blood serum was centri- 


12. Handovsky, H.: Untersuchungen iiber die Zusammensetzung des Blut- 
serums und ihre Bedeutung fiir Giftwirkungen, Arch. f. d. ges. Physiol. 210:35, 
1925. 

13. Turner, M. E., and Gibson, R. B.: A Study of the Protein-Lipid Combina- 
tions in Blood and Body Fluids: I. Normal Human and Dog Plasma and Horse 
Serum, J. Clin. Investigation 11:735, 1932. 
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fuged, and the uppermost layer, containing a high content of lipoid, was 
removed. This lipoid material was dispersed in ten times its volume of 
ox serum with the aid of a few drops of bile. This artificial lipemic 
serum was centrifuged, and the top 10 per cent was discarded. The 
remaining ox serum contained 34 per cent more total lipoid than did 
the original ox serum. In spite of this, the colloid osmotic pressure, at 
an equivalent concentration of protein, was not significantly altered. 
Further studies of this type would be useful, but it seems clear that 
lipoids do not contribute more than a negligible amount to the colloid 
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The fact remains that the colloid osmotic pressure in the posture 
experiments increased much more than in proportion to the concentra- 
tion of protein. A similar disproportionate increase was reported by 
Youmans and others.*” It is well known that the specific osmotic 
activity of proteins, especially albumin, rises with increasing concentra- 
tion (Adair and Robinson '* and Burk*®). Does this effect account 
quantitatively for the observed results in the posture experiments ? 


14. Adair, G. S., and Robinson, M. E.: The Analysis of the Osmotic Pressures 
of the Serum Proteins, and the Molecular Weights of Albumins and Globulins, 
Biochem, J. 24:1864, 1930. 

15. Burk, N. F.: Osmotic Pressure, Molecular Weight, and Stability of 
Serum Albumin, J. Biol. Chem. 98:353, 1932. 
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Osmometric analysis of dilutions of protein solutions has provided a 
means for calculating the deviation from the predictions of the laws of 
ideal solutions in blood serum (Keys **). The results of such calcula- 
tions with data from the posture experiments are summarized in chart 3. 
In this chart the line describes the relation between colloid osmotic 
pressure and protein concentration, predicted from the observed mean 
colloid osmotic pressure per gram of protein at the mean protein con- 
centration during the resting state. It is assumed, of course, that the 
change in protein concentration with standing does not involve any 
alteration in the size or in the state of the protein. It is clear that this 
assumption is fully substantiated by the close relation between theory 
and observation. This can mean only that the change in the protein 
concentration with standing must find its explanation in one or both of 
the following processes: (1) a loss of fluid from the blood which is 
free from protein or in which there is a low concentration of proteins, 
averaging the same in molecular size as the proteins in the plasma, or 
(2) a gain by the plasma of a mixture of proteins having precisely the 
same composition as the mixture of proteins originally in the blood 
plasma. The improbability of this last hypothesis should be sufficient to 
rule it out of consideration. 


SUMMARY 


Changes in the concentration of the blood were studied in normal 
human subjects after they had been for twelve to thirty-five minutes 
at an angle of 54 degrees from the horizontal. Blood was drawn from 
veins of the arm and foot without stasis. 

The upright posture resulted in the following average increases in 
concentration in the serum from the foot: total lipoid, + 21 per cent; 
fatty acids, + 21 per cent; cholesterol, + 23 per cent; total protein, 
+ 24 per cent, and colloid osmotic pressure, +- 58 per cent. Changes in 
the serum from the arm were closely parallel to those in the serum from 
the foot but only about half as great. Experiments at other angles up to 
86 degrees from the horizontal gave similar results. 

It is shown that the rise in colloid osmotic pressure is quantitatively 
predictable from the change in concentration of the total proteins, 
assuming that the mean molecular size of the proteins remains unaltered. 

Evidence is presented to show that the capillary membranes are as 
impermeable to lipoids as they are to proteins but that the lipoids exert 


no colloid osmotic pressure. 


16. Keys, A.: The Study of Colloidal Dimensions, Thermodynamic Activity, 
and the Mean Molecular Weight of the Mixed Proteins in Blood Serum. J. Phys. 
Chem, 42:11, 1938. 
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Each year the papers written on allergy cover a wider territory. 
What the study of allergy cannot do is being separated little by little 
from what it can do, and the correlation of such study with internal 
medicine is improving all the time. Whereas tests for allergy appear 
to offer a distinct and separate method of diagnosis, they offer, after all, 
merely one of the methods of determining what is wrong; and the 
results obtained through such study must still be correlated with the 
results obtained by other methods. 

How does allergy develop? In the answer to this question one 
should note with Simon ? the differences between one type of sensitivity, 
to serum or to poison ivy, for example, which occurs to a greater or 
lesser extent in all persons exposed to the foreign substance, and the 
other type, which occurs only in a small number of those exposed. The 
latter are said to be allergic or atopic; they have a distinct capacity to 
manifest sensitiveness. This capacity, this atopy, is inherited; its 
nature is not known. 


1 


How does sensitiveness develop? Simon? shows that even though 
typical atopic. persons are treated intensively with a foreign protein, like 
mare’s milk or turtle egg, they do not become sensitive to it. If they 
did, perhaps all of them would become sensitive to all atopens! In short, 
it becomes necessary to assume that for each patient a period or periods 
of predisposition occur and that their occurrence is strictly limited and 
temporary. What causes them is uncertain. One thinks of infections, 
of fatigue or of some emotignal disturbance, but Simon? repeated his 
experiments with guinea pig serum and turtle egg on children with 
measles and scarlet fever and yet failed to induce a degree of sensitive- 
ness which was different from that in his controls. Another problem 
appears. 

1. Simon, F. A.: The Problem of the Development of Hypersensitiveness in 
Man, Ann. Int. Med. 12:178, 1938. 
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Meantime, Vaughan? has stated the belief that allergy is more 
common than is appreciated, that all persons are potentially allergic 
and that the response to harmful environmental change is purposeful 
but that it varies widely in degree from one person to another. Caul- 
feild * has removed some of the difficulties in correlating anaphylaxis 
with clinical allergy by showing that the antibodies associated with 
human hypersensitiveness—the reagins—can be transferred from man 
to monkey, just as the sensitiveness induced in a guinea pig can be 
transferred to a monkey’s skin. On the practical aspects of allergy 
there are numerous general articles, the best of which perhaps is a 
paper by Burrage,* who discusses the present day methods of dealing 
with hay fever and asthma. 

In animals the production of sensitiveness depends obviously on the 
character of the material used and the way in which it is given. Florence 
Sabin with Joyner * has succeeded in producing a cutaneous reaction to 
tuberculin in guinea pigs without infecting the animals. When old 
tuberculin is heated, its molecular size is greatly reduced; and in Sabin’s 
opinion this fact explains the previous failures. By injecting intra 
cutaneously in repeated doses a tuberculoprotein precipitated with 
ammonium sulfate, she succeeded in producing a degree of sensitiveness 
comparable to that observed in infected animals. 

Woods, Burky and Friedenwald® worked with tuberculosis in 
rabbits’ eyes. After living tubercle bacilli are inoculated into the groin, 
sensitiveness of the eye develops at the same time as sensitiveness of 
the skin; but when bacilli are inoculated into the eye itself, the local 
sensitiveness develops faster and more intensely. The degree of cutane 
ous sensitivity becomes a poor measure of the degree of the ocular 
sensitivity. Perhaps these observations can be applied to the problem 
presented by the common discrepancy between the severity of symp 
toms, asthma for example, and the size of the cutaneous reaction. 

2. Vaughan, W. T.: A Theory Concerning the Mechanism and the Significat 
of the Allergic Response, J. Lab. & Clin. Med. 21:629, 1936. 

3. Caulfeild, A. H. W.: The Correlation of Specific Sensitization, as It Occurs 
Clinically in Man, and as Induced Experimentally in Animals, Tr. Am. Clin. & 
Climat. A. 52:234, 1936. 

4. Burrage, W. S.: Relation of Allergy to General Medicine, New England 
J. Med. 217:551, 1937. 

5. Sabin, F. R., and Joyner, A. L.: Tubercular Allergy Without Infection, 
J. Exper. Med. 68:659, 1938. 

6. Woods, A. C.; Burky, E. L., and Friedenwald, J. S.: Experimental Studies 
of Ocular Tuberculosis: I. Relation of Ocular Sensitivity to Cutaneous Sensitivity 
in the Systematically Infected Rabbit, Arch. Ophth. 19:229 (Feb.) 1938; I! 
Relation of Ocular Activity to Ocular Sensitivity in the Normal Rabbit Infected 
by Injection of Tubercle Bacilli into the Anterior Chamber, ibid. 19:236 (Feb.) 
1938: III. Relation of Cutaneous Sensitivity to Ocular Sensitivity in the Normal 
Rabbit Infected by Injection of Tubercle Bacilli into the Anterior Chamber, ibid 


19:245 (Feb.) 1938. 
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Another paper by Freund and Opie‘ emphasizes the effectiveness 
of the skin itself in producing antibodies after intracutaneous injection. 
Multiple intracutaneous injections are particularly effective in producing 
both cutaneous sensitiveness (allergy) and antibodies (immunity), 
although the authors are careful to point out that the two results are 
not always comparable. 

ANAPHYLAXIS 

One or two papers on experimental anaphylaxis are of particular 
interest. Davidoff and his co-workers ® found that sensitized monkeys 
would react with typical shock even if decerebrated before the second 
dose. Quill ® shows that ether anesthesia is not a preventive of anaphy- 
lactic shock. Obviously, the phenomenon is a tissue reaction, free from 
the control of the central nervous system. Heparin sufficient to render 
the blood of guinea pigs uncoagulable was shown by Doxiades and 
Lemke '° not to prevent the ensuing shock. 

At the meeting of the Society for the Study of Asthma and Allied 
conditions in Atlantic City, N. J., in May 1938, Abell, Schenck, Clark 


and Kern?! 


gave an excellent demonstration of the living circulation. 
The construction, installation and care of a transparent chamber inserted 
into a rabbit’s ear had been developed by Clark and his co-workers, the 
original technic being described by Abell and Clark.'? A new paper by 
Abell and Schenck ** describes the demonstration of the local reaction 
in anaphylaxis. Briefly, the method is to punch a hole in the rabbit's 
ear and then fill the defect with two pieces of thin glass, through which 
the process of repair can be observed. Arteries, veins and capillaries 
are seen to grow in to restore the tissue. During anaphylactic shock a 
series of changes is demonstrable. First the arterioles contract, and the 
circulation slows. Leukocytes move to the periphery of the flow and 
adhere to the walls of the blood vessels. Finally, these leukocytes adhere 


7. Freund, J., and Opie, E. L.: Sensitization and Antibody Formation with 
Increased Resistance to Tuberculous Infection Induced by Heat-Killed Tubercle 
Bacilli, J. Exper. Med. 68:273, 1938. 

8. Davidoff, L. M.; Kopeloff, N., and Kopeloff, L. M.: Anaphylaxis in 
Decerebrated Monkeys, J. Lab. & Clin. Med. 28:30, 1937. 

9. Quill, L. M.: Anaphylaxis During Ether Anesthesia, J. A. M. A. 109:854 
(Sept. 11) 1937. 

10. Doxiades, L., and Lemke, H.: Beeinflussung des anaphylaktischen Shocks 
beim Meerschweinchen durch Heparin, Klin. Wchnschr. 16:1061, 1937. 

11. Abell, R. G.; Schenck, H. P.; Clark, E. R., and Kern, R. A.: Anaphylaxis 
3chaviour of Living Blood Vessels of the Rabbit, demonstrated before the Society 
for the Study of Asthma and Allied Conditions, Atlantic City, N. J., May 1938. 

12. Abell, R. G., and Clark, E. R.: Method of Studying the Effects of Chemicals 
upon Living Cells and Tissues in the Moat Chamber, a Transparent Chamber 
Inserted in the Rabbit’s Ear, Anat. Rec. 53:121, 1932. 

13. Abell, R. G., and Schenck, H. P.: Microscopic Observations on the Behavior 
of Living Blood Vessels of the Rabbit During the Reaction of Anaphylaxis, J. 
Immunol. 34:195, 1938. 
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to each other; they become heaped up in a mass until eventually th: 
entire flow is occluded by the formation of the plug and then by furthe: 
contraction of the entire vessel. With the failing blood supply, necrosis 
sets in, and the Arthus phenomenon becomes well developed. In other 
words, in rabbit anaphylaxis, death depends on heart failure, which in 


turn depends on capillary obstructions in the lesser circulation. 


Studies on antibodies are interesting. Bronfenbrenner ** has shown 
again that rabbits and also mice will react immediately on the simultane 
ous injection of antigen and antibody and that guinea pigs, too, will 
react in passive anaphylaxis even if the immune serum is injecte: 
simultaneously with the antigen. 

Ungar and Parrot '° made extracts of guinea pigs’ lungs and added 
to one sample Tyrode solution and to another horse serum. These 
mixtures were then tested on a strip of intestine from a normal guinea 
pig, the strip being suspended in a bath. In the case of normal lungs 
the intestine showed no response ; but in the case of sensitized lungs the 
mixture of lung extract and horse serum gave a classic curve, obviousl) 
dependent on the reaction of the antibodies in the sensitive tissue. 

Passive anaphylaxis may exist long, according to Cohen and Wood 
ruff.'° Female guinea pigs were sensitized to egg white and four weeks 
later were shocked with a larger dose. For four months the animals 
rested and then were bred. The offspring, presumably bearing anti- 
bodies and thus sensitized only passively, all reacted to egg white, and 
1 died. Some of the female offspring, however, were held without 
further treatment for six months, and then they in turn were bred. 
The animals of this third generation were tested, and 5 of 9 reacted. 
This last finding is a little difficult to understand. Antibodies, whether 
circulating or fixed, should disappear slowly with time; it is hard to 
believe that they could be transferred to the third generation. To con- 
sider that the small amount of egg white given to the original mother 
should persist in her own circulation and in that of her offspring to the 
third generation seems far fetched indeed. If reactions do occur, they 
must depend on antibodies—on passive anaphylaxis, as the authors state. 


MECHANISM OF ALLERGY 


The mechanism of allergy has been studied from various points of 
view. The chemical constituents of the blood are easy to investigate. 


14 Bronfenbrenner, J.: The Allergic State and Its Relation to Hypersensi- 
tiveness and Resistance, Am. Rev. Tuberc. 36:293, 1937. 

15. Ungar, G., and Parrot, J. L.: Recherches sur le choc anaphylactique in 
vitro: Mise en liberté d’une substance active par le poumon isolé du cobaye 
sensibilisé, Compt. rend. Soc. de biol. 123:676, 1936. 

16. Cohen, M. B., and Woodruff, B. H.: Observations on the Transmission of 
Passive Anaphylactic Sensitivity in the Guinea Pig, J. Allergy 8:437, 1937. 
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Cholesterol—The cholesterol content of the serum was studied by 
Bruger and his associates?* in Spain’s clinic. The patients with hay 
fever who were doing well under treatment showed cholesterol values 
that were a little higher than normal, whereas those with asthma showed 
an average figure that was a little lower. Neither variation was striking. 
Chobot and Dundy ?* found the cholesterol values about the same for 
allergic as for nonallergic children. Incidentally, they found that the 
calcium and phosphorus values were likewise within normal limits for 
both groups. Bezangon and his associates,’® in Paris, came to similar 
conclusions. 

Magnesium.—The magnesium content of the blood was investigated 
by Braden and Braden Jr.,*° but the figures for allergic patients were 
not different from those for the controls. 

Potassium.—An imbalance of potassium is a more interesting possi- 
bility, suggested by Rusk and Kenamore *! in connection with their study 
of urticaria. Potassium depresses the tactile excitability of the frog's 
skin. Irritation of the skin leads to a loss of the potassium held in it. 
Epinephrine increases the potassium content of the blood serum. Thi 
effect of potassium salts injected intravenously is similar to the effect 
of epinephrine. It is possible, the authors think, that potassium is valua- 
ble in urticaria—and, I add, in allergy in general. Possibly the good 
effect of potassium iodide in asthma depends as much on the potassium 
ion as on the iodine ion. The thought is interesting. Meantime, the 
authors propose a diet with a high potassium and a low sodium content 
in the treatment of urticaria. 

Jaundice.—It is said (Hench *? and Thompson and Wyatt **) that 
jaundice has a favorable effect on the pain and swelling of arthritis. If 


17, Bruger, M.; Sammis, F. E.; Spain, W. C., and Member, S.: 
Cholesterol in Hay Fever and Asthma, J. Allergy 9:551, 1938 

18. Chobot, R., and Dundy, H. D.: Serum Cholesterol in Allergy, J. Allerg; 
9:231, 1938. 
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22. Hench, P.S.: Effect of Jaundice on Chronic Infectious (Atrophic) Arthritis 
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Phenomenon, Arch. Int. Med. 61:451 (March) 1938. 
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(Hyperbilirubinemia) : Report of Animal Experimentation and of the Physiologic 
Effect of Jaundice in Patients with Atrophic Arthritis, Arch. Int. Med. 61:481 
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this observation can be confirmed, it becomes of considerable interest 
and one would like to transfer the idea to the subject of allergy 
Unfortunately, however, jaundice appears to be rare in allergy, and on 
wonders whether some definite antagonism may exist. The questio1 
should be borne in mind, for a positive finding might lead to a usefu 
therapeutic method. 


Adrenal Cortex.—Two years ago considerable interest in the relatio: 


of the adrenal cortex to asthma was aroused. Now comes a paper by 


Prickman and Koelsche ** in which they report treating patients wit! 
asthma with adrenal cortex extract intravenously, giving large amounts 
supplemented by large doses of sodium chloride by mouth. Howeve: 
little or no benefit resulted. 

Vitamin C.—Ascorbic acid is receiving more attention, but neither in 
asthma (Hunt ?°) nor in anaphylaxis (Eyer and his associates °°) could 
it be shown that treatment with it had any effect on the clinical process 
On the other hand, Rosenberg ** found 7 patients with urticaria whi 
were receiving a diet without fruits and apparently deficient in vitamin ( 
With the addition of oranges and lemons, the lesions subsided. In rheu 
matoid arthritis and in rheumatic fever Rinehart and associates ** studied 
the ascorbic acid level and found it lowered in both conditions and were 
encouraged by their preliminary good results after feeding the vitamin 
in high doses to their patients. 

Histamine.—Histamine and analogous substances concerned with the 
activity of the autonomic nervous system seem to me to be of con- 
siderable theoretic importance in allergy for several reasons: First, a 
constant symptom (asthma) is produced by a wide variety of exciting 
causes. Second, the patients wheeze, but also they are sick. Their blood 
pressure is low, they sweat, they cannot eat. They are utterly misera- 
ble. They seem to be poisoned by something which causes “overflow 
symptoms” in addition to asthma. Finally, in animals the injection of 
histamine produces a train of symptoms entirely comparable to those of 
anaphylactic shock. It is important to think of histamine carefully. 


24. Prickman, L. E., and Koelsche, G. A.: Observations on the Treatment 
of Asthma and Related Conditions with Suprarenal Cortical Extract (Cortin), J 
Allergy 9:158, 1938. 
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C and Anaphylactic Shock in Dogs, Proc. Soc. Exper. Biol. & Med. 38:642, 1938. 

27. Rosenberg, W. A.: Vitamin C Deficiency as a Cause of Urticaria, Arch. 
Dermat. & Syph. 37:1010 (June) 1938. 
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F.: Metabolism of Vitamin C in Rheumatoid Arthritis, Arch. Int. Med. 61:537 
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Last summer the Theobald Smith Medal was awarded to a young 
man, Dr. Charles F. Code, of the Mayo Foundation. He had worked 
on the content of histamine in the blood, improving the method of 
estimation.*® He showed that when fresh blood is centrifuged, the 
histamine is found to be mostly in the cells. The plasma contains little. 
When, however, the blood clots, most of the histamine appears in the 
serum. By a process of differential centrifugation, the histamine activity 
was found to be mostly in the white cells. Finally, by working with 
special types of blood from patients with leukemia and material from 
abscesses of different kinds in animals, Code found that histamine was 
associated particularly with the eosinophilic cells. The last finding opens 
a practical aspect which obviously needs much further study. Whether 
or not the total histamine content of the blood is increased in asthma is 


0 


not yet known. Riesser’s *° figures were the same for the bloods of 
asthmatic and tuberculous patients. On the other hand, Fiessinger and 
his associates *t found more histamine in the blood in cases of urticaria 
and asthma than in cases of other conditions, notably psoriasis. The 
skin, however, seems to contain a considerable amount of histamine. 
Riesser °° found that the local lesion of the Arthus phenomenon con- 
tained from four to ten times as much histamine as normal, as expected 
perhaps because of the high leukocyte content. Tarras *? observed that 
in arsphenamine dermatitis the blood contained much more histamine 
than normal. 

Acetylcholine.—Acetylcholine has an action much like that of his- 
tamine, but it differs in two important respects, as has been recently 
reviewed by Kokas, Sarkady and Went.** First, the substance is 
extremely labile, losing its toxicity rapidly and easily. Second, the action 
of acetylcholine is blocked promptly and completely by small quantities 
f atropine. To determine the acetylcholine content of the blood is 
therefore a difficult technical procedure. It is much easier to determine 


29. Code, C. F.: The Quantitative Estimation of Histamine in the Blood, J 
Physiol. 89:257, 1937; The Source in Blood of the Histamine-Like Constituent, 
ibid. 90:349, 1937; The Histamine-Like Activity of White Blood Cells, ibid. 90: 
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1, 1937. 
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the amount of acetylcholine indirectly by determining the amount. oi 
that ferment which under normal conditions causes its destruction. The 
choline esterase activity of the blood serum can be determined without 
too much difficulty. Milhorat ** studied a variety of patients, including 
5 with asthma, but found that for them the values for choline esteras« 
varied widely from high to low. 

Histamine and perhaps acetylcholine at the same time are liberated 
from many tissues under different conditions. In three papers Feldberg 
and various associates *° showed that when the lungs were perfused with 
a dilute salt solution to which snake venom, staphylococcus toxin or 
peptone was added, the perfusate contained much histamine, which arose 
presumably as a result of the tissue injury, just as Feldberg and 
Krayer ** had shown previously that electrical stimulation of the vagus 
nerve caused an acetylcholine-like substance to appear in the blood. 

The question of treatment with histamine, in the hope of increasing 
the resistance to it, has been raised again. Kokas ** injected into dogs 
small doses daily for fifteen days but nevertheless found that thes 
animals could be shocked as easily as untreated animals. Mead and 
his associates ** have shown previously that peptone shock does not 
protect against anaphylactic shock and that desensitization is therefor 
not due to histamine exhaustion. 

Emotional Factor.—Meantime, and in addition to objective findings 
of many kinds, every clinician knows that the emotional factor is always 


8 


important in allergy. Strauss ** studied 30 patients with asthma from 


. . - . . - 
the psychogenic point of view and found that a nervous element was 


strongly present in 16 of them and definite in 9 others. An excellent 
discussion of the subject was given by Eyermann ** in his presidential 
address before the Association for the Study of Allergy. The subject 
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of psychology in allergy is introduced at this point because of the possi- 
bility that the effect of emotions can be explained by some change in the 
hormones—an ultimate effect which is comparable to that of chemical 
or mechanical injury. 

SERUM DISEASE 


Cohen *° 


reports the following case: A boy was kicked by a horse 
and was given antitetanus serum in two doses on successive days. On 
the sixth day he had fever and generalized urticaria and on the seventh 
day pain in the neck and limbs as well as trismus. A diagnosis of tetanus 
was made, and more antitoxin was given, this time intravenously. 
During the injection a typical anaphylactic shock occurred, the tempera- 
ture rose to 106 F. and the situation became desperate. Ten hours later 
there was observed at the site of the venipuncture a bluish red, sharply 
demarcated area that was indurated and painful. For three days the boy 
was at the point of death. There was complete suppression of urine, 
and meantime the area in the arm became gangrenous and the basilic 
vein thrombosed. Slowly, however, he improved, until suddenly, on 
the tenth day, he died, presumably because of an embolus. 

Such a typical Arthus phenomenon would have been prevented if the 
symptoms of the original serum disease had been better understood. 
The subject is always important and always worthy of emphasis and 
of repetition. 

The new knowledge concerning the production of active immunity to 
tetanus is of direct value, and I, for one, believe that all patients, par- 
ticularly children who are sensitive to horse serum, should be given the 
benefit of treatment with tetanus toxoid to produce active immunity; 
thus all fear of tetanus would be abolished when wounds or injuries 
are incurred. Studies by Gold ** and by Jones and Moss * give the 
details. Apparently the concentration of demonstrable antibodies which 
follows the first series of doses is not always impressive; but when an 
additional small dose is given much later, this small supplementary treat- 
ment seems to produce a great effect and to stimulate the production 
of antitoxin in quantity. 
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The diagnosis of horse serum sensitiveness is not easy. Whether 
the cutaneous test can provide an accurate index has been disputed by 


numerous workers. Davis ** applied a cutaneous test with horse serum 
to children with measles and scarlet fever. Of the 150 patients who 
had not previously received injections of horse serum, 30 per cent gave 
mild reactions; whereas of the 100 patients who had had serum pre- 
viously, 88 per cent reacted. Diphtheria antitoxin was given to both 
groups, and two or three weeks later all reacted to the horse serum test. 


In another group Davis noted that 61 per cent gave no cutaneous reaction 
to horse serum, yet 22.1 per cent had serum disease after antitoxin was 
administered; whereas of the 39 per cent who showed cutaneous 
sensitivity at the start, 28.2 per cent had a serum reaction—a figure 
which was higher perhaps but not nearly so high as expected. The 
author concluded that the reaction to the cutaneous test as an index of 
the degree of sensitiveness had little real value. 

Nerve lesions, as a special form of serum disease, may sometimes 
follow an injection of foreign serum. The complication is rare, but it 
does occur and should be borne in mind. Brahdy ** describes paralysis 
of the musculospiral nerve following a dose of tetanus antitoxin. 


HAY FEVER 

. Pollen surveys are being made all over the world. From Melbourne 
comes the report of Sharwood,** showing the great importance of grass 
pollens between October and January, evidently the same kind of grasses 
as found in America. He lays stress on plantain. The tree pollens are 
likewise important, and it is curious that the season occurs in August 
and September, relatively much earlier than for American trees (April 
and May). Elm, plane, pine and oak are mentioned. 

Argentina is surveyed by Bozzola.*® In the United States Sylvester 
and Durham * show that ragweed may be as important in the vicinity of 
the larger cities in Maine as it is elsewhere. 

Oral therapy of hay fever by feeding doses of pollen or pollen 
extract is an important topic, and other reports on it have been made. 
Bernstein and Feinberg ** tried to correlate the proper dose with the 
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degree of the patient’s sensitiveness. They sought to determine the 


amount of pollen which when given by mouth would elicit a reaction 
in the arm of a normal person at the sites which had previously been 
sensitized by an intracutaneous injection of hay fever serum. Some of 
the normal recipients were given several grams of pollen at a time, but 
only 1 of 17 showed any response in the passively sensitized area. How- 
ever, each recipient reacted promptly when the usual moderate quantity 
was injected under the skin. Evidently the risk of disturbances due to 
gastrointestinal absorption is small. Twenty patients sensitive to rag- 
weed were treated with relatively enormous doses of ragweed pollen by 
mouth. Only 2 showed moderate improvement. The others derived no 
benefit, and 6 of them showed mild gastric disturbances with colicky 
pains and nausea after the doses. Bohner’s *® report is a little more 
enthusiastic. He too fed ragweed pollen in large quantities. Of 21 
patients, 13 were relieved by oral therapy, as compared with 16 of 
another group of 21 patients who were relieved by subcutaneous treat- 
ment. The question of oral therapy is still open. 

New studies of pollen extracts include that of Long and Teller,®° who 
observed that ultrafiltration removes a good deal of the active substance, 
as does also absorption with protein or zinc hydroxide. Naterman 
suggests that pollen extracts be emulsified in oil so that there will be 
slower absorption of the active principle and thus general reactions will 
be prevented and larger total doses may be given. In preliminary studies 
he showed that when phenolphthalein is emulsified and suspended in 
oil according to his method, the curve of its excretion in the urine after 
injection becomes almost a straight line, in place of the usual peak. 
Theoretically the method is good, and among 17 of Naterman’s patients 
the results were excellent in 5 and good in 10. My colleagues and I have 
also used this method but unfortunately have observed that some doses 
produced local irritative reactions which were unpleasant. How common 
this difficulty may be and whether it can be overcome remain to be seen 

The specificity of pollen is always important. Grubb and Vaughan 
have surveyed their clinical material but conclude that no single pollen 
is representative of any entire group. In this connection it is interesting 
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that in England, Freeman and Hughes ** found that only 3 of 100 per 
sons sensitive to timothy failed to give a positive cutaneous reaction 
to the pollen of sugar cane, which none of them had ever seen. 

The absorption of pollen, as indeed of other dusts, is an important 
item in the study of the production of pollen asthma, which, incidentally, 
occurs frequently, whereas involvement of the larynx occurs almost 
never. Joffey and Drinker ** have studied the absorption of dyes from 
the nose and pharynx of various animals. If the cervical lymph nodes 
are dissected free, the blue dye will be seen to appear in them within 
a few minutes—promptly in the cat, monkey and rabbit and more 
slowly in the dog. In some contrast suspensions of graphite, with 


particles of larger size, did not penetrate to the lymph vessels. The 


paper is of practical interest, for it confirms the clinical impression that 
inhaled pollen reaches the lungs not directly but through the lymphati 
ducts and the blood stream. 


PATHOLOGY OF ASTHMA 

The pathology of asthma is a topic closely related to the study of the 
mechanism. It is generally agreed that when a patient dies in an attack 
of asthma and from no other cause, the lesion consists essentially of 
tough, sticky plugs which occlude the lumen of almost all the medium- 
sized and smaller bronchi. Death results from asphyxiation. New cases 
are reported by Wiseman ** and by Thieme and Sheldon.*® 

The pathologic complications of asthma are receiving more attention. 
Periarteritis nodosa is a disease which may be related in some way to 
asthma and allergy, partly because it has been found to develop in 
several asthmatic patients and partly because eosinophilia of high degree 
is one of its characteristics. The literature on the subject has been 
reviewed in two excellent articles, both published in 1936, one by 
Motley ** and the other by Cohen, Kline and Young.®* Now a new case 
is reported by Berger and Weitz,®® who made the diagnosis ante mortem 
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and confirmed it by biopsy of muscle. Another case is reported by 
Sandler,°° who found 55 per cent eosinophils on one occasion. Some- 
what related is pulmonary arteriolar sclerosis, discussed now by Kaump 
and Dry,®? who observed the lesions post mortem and found that in only 
half the cases were symptoms of disease of the respiratory tract recog- 
nized clinically. Another report is that of Rothschild and Goldbloom,” 
who describe the case of a man aged 33 who died with what appeared 
to be coronary thrombosis, but autopsy showed changes in the arteries 
of the lungs rather than of the heart. 

Subcutaneous emphysema with spontaneous pneumothorax is a direct 
complication of the dyspnea in asthma. Cases are reported by Elliott ° 
and by the Rosenbergs.** 

THE TREATMENT OF ASTHMA 

There are several new suggestions regarding therapy. Keeney,®* in 
Gay’s clinic at Baltimore, has described an epinephrine preparation 
which is slowly absorbed—a suspension of powdered epinephrine in oil. 
With this preparation remarkable results were obtained in the control 
of asthmatic symptoms. The oil medium provides for slow absorption 
and, thus, for a marked prolongation of the effect of the epinephrine. 
In our hands, however, the results have not been so brilliant, and, 
unfortunately, we have observed that in 1 or 2 instances the subcutaneous 
doses were accompanied by somewhat severe local reactions. Perhaps, 
however, after modifications of the oily preparation have been made it 
will prove to be much more satisfactory. Certainly the idea behind the 
method is a good one. 

Hypertonic solutions of dextrose and sucrose to be given intra- 
venously have been recommended. Keeney “* has given as much as 
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100 cc. of 50 per cent solution of sucrose, producing prompt relief of th 
asthmatic attack. He has given as many as twelve doses to the same 
patient. Stoesser and Cook ® used 25 per cent solution of dextrose, 
giving 150 to 200 cc. intravenously to 3 children with success. 

Theophylline with ethylenediamine (aminophylline) is a purin com- 
pound the action of which is to improve capillary blood flow and cause 
diuresis. For several years it has been used in cardiorenal disease with 
good results, and now it has been tried in asthma. Three recent reports 
indicate that the drug is a useful addition to the methods of treatment. 
The dose varies from 3 to 7% grains (0.19 to 0.48 Gm.) dissolved in 
10 cc. of saline solution and is to be given intravenously for severe 
attacks. The details are reported in papers by Schmidt,** Herrmann 
and Aynesworth ®° and Greene, Paul and Feller.*° 

In allergic cutaneous disease and in epilepsy, migraine and urticaria 
Wendt ** (1937) and Klein ** (1938) have suggested the use of sodium 
thiosulfate (Na,S,O,-+5H,O), 1 Gm. of the drug to be dissolved 
in a 10 cc. ampule and given intravenously on each of three successive 
days. So far we have had no experience with it. 

Benzedrine has a pharmacologic action closely similar to that of 
epinephrine, and it is therefore not surprising to have Swineford ** claim 
that inhalation of benzedrine is helpful in asthma. 

Bronchoscopic examination and treatment may be life saving. 
Andrews “* reviews the objects: to study the bronchial mucous mem- 
brane, to aspirate the secretions and so to prevent the development of 
local areas of collapse in the pulmonary tissue. The method is not new, 
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but it is good to hear that the results were favorable in 75 per cent of 
235 cases. Related to the bronchoscopic method is the use of iodized 
poppyseed oil, which appears to be gaining in general favor. If the 
throat can be well cocainized, so that the gag reflex is prevented, it is 
easy literally to pour the oil slowly down the trachea while the patient 
is instructed to keep breathing in short, rapid pants. In some cases the 
procedure is followed by real improvement in the symptoms, so that 
for several weeks afterward the cough is less and the tendency to spasm 
is much less. One difficulty has been the fear of trouble from the reten- 
tion of oil in the lungs. That this fear has been justified is shown in 2 
cases reported by Flamm.*° In each of them temporary improvement 
was followed by an increase of symptoms, which were worse than ever. 
Apparently the iodized oil had acted as a true foreign body. 

When the asthmatic patient reaches a desperate state, “status 
asthmaticus,” almost any procedure is worth trying. Kahn * lays stress 
on the use of ether and olive oil by rectum. He mixes the drugs 
together in equal parts and injects from 5 to 7 ounces (150 to 200 cc.) 
of the mixture into the rectum. The general anesthesia which results is 
almost complete, and in 4 of his 10 cases relief was obtained from severe 
attacks. A good paper on this and other emergency treatment is that 
of Waldbott.** More drastic is the report by Rienhoff and Gay,’® who 
submitted 11 patients to the operation of bilateral resection of the 
posterior pulmonary plexus. Four patients were rendered completely 
free from attacks, and 5 others were greatly improved. One died, and 
1 was not benefited. 


FUNGI AND OTHER ALLERGENS 
Durham *° presents the latest figures on the incidence of air-borne 
fungous spores. Alternaria occurs widely, all over the country. It 
occurs throughout the summer season. Indeed, it appears in the air 
before the trees bloom in spring, and it continues until after the ragweed 


fades in the fall. Schonwald *° also finds that air-borne mold spores are 
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common in the atmosphere of the Pacific Northwest. Many of his 
patients give positive reactions to the corresponding extracts, and treat 
ment with mold extracts gives helpful improvement. Harris ** describes 
12 patients who were sensitive to both pollens and molds. They were 
greatly improved when molds were given. Somewhat related is the 
report by Metzger ** on Spanish moss (Dendropogon usneoides), which 
hangs over the live oak trees in the cotton states. He made cutaneous 
tests with extracts of the pollen of the moss flowers, of the scales from 
the dried moss and of the vegetable fibers, but none of these materials 
produced positive reactions. Evidently Spanish moss is not important. 

Jute is another vegetable fiber which, like kapok, ought to be a good 
pabulum for the growth of molds and therefore ought to have allergenic 
properties. Stevens and Jordani ** report the facts regarding 5 patients 
who were sensitive to jute. 

3ees evidently give off some sort of volatile dust substance com- 
parable to that from flies, for Forster ** describes the coryza and asthma 


which sometimes occur in those who raise bees. 


CUTANEOUS TESTS 

There is more evidence of the discrepancy between the cutaneous 
tests and symptoms. Rynes ** studied 367 patients whose skin was 
sensitive to various animal danders and found that only 24 per cent were 
aware that animals had anything to do with their disorders. After study 
it was found that contacts with animals produced symptoms as follows: 
contact with cats in 18 per cent, with horses in 62 per cent and with 
dogs in 20 per cent. The results of treatment, both by elimination and 
by desensitization, for the group as a whole were—good in 46 per cent, 


fair in 41 per cent and poor in 13 per cent; that is to say, satisfactory) 


results were obtained in 87 per cent of the cases. However, some of 
the patients were followed for only a few months. 

Swineford and Grove ** were curious to see whether epinephrine 
injected just before the cutaneous tests would affect the results. They 
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found that there was a slight diminution in fifteen to thirty minutes, 
but after an hour no effect could be demonstrable. 

Dorfman and Efron ** studied cutaneous tests with serial dilutions 
of house dust and Bermuda grass, finding that with increasing concentra- 
tions the size of the local response becomes relatively uniform. Cutane- 


ous tests are not a good measure of antigenic activity. However, my 


experience is that the least dilution which will provide a local reaction 


does provide a measure of antigenic activity and that decreasing con- 
centrations do constitute a valuable index. 


ALLERGY OF THE SKIN 

Atopic Eczema.—Atopic eczema, which has a mechanism like that of 
hay tever and asthma, is common in infants. Hill ** has studied a large 
series of patients and has found that even before the age of 3 months 
positive cutaneous reactions to cow’s milk proteins can be obtained with 
the intracutaneous method. However, the eczema in these children did 
not always improve when they were placed on a milk-free diet, the 
reason being that some of them were given goat’s milk, which the author 
thinks contains a chemical fraction common to that of cow’s milk. The 
casein portions of the two kinds of milk appear to be similar. 

Industrial Dermatitis—Industrial dermatitis presents a problem 
which is related both to atopic eczema and to contact dermatitis, and 
those interested in the subject should read the symposium which 
appeared in The Journal of the American Medical Association in Oct. 22, 
1938. As Sulzberger ** points out so well, there are always two factors: 
first, there is the inherent capacity of the individual to acquire sensitive- 
ness, and, second, there is the industrial exposure. For the latter, the 
responsibility may rest with the company, but for the former the com- 
pany can hardly be held. In each case the physician should be ready io 
say with some assurance whether the dermatitis is, in all probability, 
to a major degree dependent on the patient’s exposure or whether it is 
not so dependent ; or, finally, if he cannot decide, then he should say so. 

Contact Dermatitis —Contact dermatitis is not uncommon. Cases of 
dermatitis due to pollen are classic. A patient with typical ragweed 
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dermatitis is reported on by Rudolph and Deutsch.®® Similar lesions 
are common in industry. Munkwitz® reports a number of cases of 
contact dermatitis which occurred in a lacquering plant. 

Chemical structure often determines the incidence of dermatitis, for 
Sulzberger and Baer * find that alkali-labile compounds which combine 
with organic bases can sensitize the skin of guinea pigs easily. On the 
other hand, other compounds which are alkali resistant are not so 
dangerous. The results of patch tests in general are presented in an 
extensive statistical study by Rostenberg and Sulzberger.®* 


Fungous Infections—Fungous infections of the skin present diff- 
culties in the way of diagnosis. Lewis, Sulzberger and Wise * describe 
results of cutaneous tests with various preparations of trichophytin. 
Systemic treatment with these extracts still leaves much to be desired. 
Lewis and Hopper * found that normal children with normal scalps 
rarely reacted but that some of the children with ringworm showed 
positive responses to the intracutaneous tests. 


Poison Ivy.—Caulfeild ** claims that if an extract of Rhus toxico- 
dendron is made with ether, the results of treatment with it are much 
better than if the leaves are extracted with alcohol. Each of 23 patients 
was given from eight to twenty-six doses ; after treatment the symptoms 
were invariably improved, and the size of the response to a patch test 
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1937. 

96. Caulfeild, A. H. W.: The Specific Diagnosis and Treatment of Poison 
Ivy (Rhus Toxicodendron Dermatitis), J. Allergy 9:535. 1938. 
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was reduced in all. On the other hand, Bachmann,” using his purified 
extract in almond oil, treated 14 children, but with no success. Ginsberg 
and his associates °* treated guinea pigs with prophylactic injections of 
an almond oil extract before attempting to sensitize them to poison 
ivy and found that the preliminary doses had no effect. Biederman °° 
reports that Rhus toxicodendron (poison ivy) is closely related to Rhus 
vernix (poison oak), the latter deriving its name from the shape of the 
leaf, which resembles that of the oak leaf. The preparation he used was 
an absolute alcohol extract of the desiccated leaf. His patients gave 
positive reactions to patch tests with extracts of both varieties, and 
treatment with one seemed to be successful against the other. 


URTICARIA 


Why are cutaneous tests in urticaria so unsatisfactory? Waldbott *°° 
could find positive reactions in only 27 per cent of 168 cases, and our 
own experience agrees closely with his. If one looks back to serum dis- 
ease, one should recall that in this condition the development of anti- 
bodies and of a positive immediate cutaneous reaction first occurs not 
during the active process but after lesions have cleared and the disease 
is over. Similarly, in pneumonia the cutaneous reaction to the carbo- 
hydrate does not appear until the fever is subsiding. It would be inter- 
esting to follow a group of patients after subsidence of attacks of 
urticaria and make tests when they are well. Possibly one could show 
that foods often play a part. On the other hand, there is ample reason 
to think that urticaria may depend on infections. Hansen-Priiss *°' was 


able to culture a hemolytic streptococcus from specimens of material 
from the throat, sputum or duodenal content in 16 cases, and when he 
treated the patients later with sulfanilamide the organism disappeared 
and the urticaria subsided. Waldbott *°? recognized epidermophytosis 
as a cause of urticaria in a patient who was also subject to hay fever. 
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100. Waldbott, G. L., and Ascher, M. S.: Urticaria of the Serum Sickness 
Type, J. Allergy 9:584, 1938. 
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OTHER MANIFESTATIONS 

The case of a boy who showed a classic Arthus phenomenon after 
excessive treatment with horse serum was described in the foregoing 
section on serum disease. Brown and his associates *°* describe the case 
of another boy, who was bitten repeatedly by mosquitoes and exhibited 
a series of severe local reactions, with marked inflammation going on to 
necrosis and scarring. 

Henoch’s purpura and abdominal allergy comprise a subject of 
practical importance because occasionally a case occurs which is 
mistaken for a case of appendicitis. Althausen and his associates ' 
describe 8 cases, with emphasis on the fact that in 4 there were the 
typical criteria of allergy—a family history of the condition, other 
allergic manifestations, eosinophilia and positive reactions to cutaneous 
tests. The authors do well to quote Dr. J. H. Pratt, as follows: “No 
one should operate on a child with abdominal colic until the diagnosis 
of Schénlein-Henoch’s disease has been excluded.” The subject will be 


04 


mentioned again in the section on drug allergy. 

Fries and Zizmor *°° made roentgenographic studies of 11 children 
with food allergy, mixing the barium sulfate with the suspected food, 
but they found the peristaltic disturbances variable. Action of the 
stomach and bowels was increased in some cases and decreased in others, 
yet all the patients complained of their abdominal symptoms during 
the test. 

DRUG ALLERGY 

Drug allergy is being recognized more and more. In many cases, 
like those of asthmatic patients who are sensitive to acetylsalicylic acid 
or to morphine, severe symptoms may develop with extraordinary speed 
and may lead promptly to collapse. In other cases a symptom like 
urticaria or purpura comes on more slowly, to produce a condition which 
is distressing but hardly dangerous. Between these extremes are all 
variations. The relation between this violent reaction to drugs and 
clinical allergy is not always clear. One thinks first of a toxic effect. 
but in most of the instances it is well recognized that the drug has been 


given to many persons without causing symptoms or, should one say, 


103. Brown, A.; Griffitts, T. H. D.; Erwin, S., and Dyrenforth, L. Y.: 
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without causing obvious symptoms and that the so-called toxicity may 
be a comparative and not an absolute factor. 

Two other factors which suggest that the reaction is allergic are, 
however, present in many of the cases. First, several of the patients 
admit that they are subject to other allergic manifestations; they have 
or have had hay fever or asthma or eczema, or they come of an allergic 
family. They may have both a personal and a family history of allergy. 
It is reasonable to consider that their sensitiveness to the drug 1s 
analogous to their sensitiveness to other foreign substances. Second, it 
is often reported that the same drug had been taken previously and 
apparently had not produced symptoms at that first treatment ; then came 
an interval during which the drug was not taken. The case for actual 
sensitization resulting from the first course of doses can be supported 
with propriety. 


Drug Allergy: Summary of Reports in the Rece 


Symptoms Causative 
Produced Agent 


Lieberherr Thrombopenic Sedormid (allyliso 

purpura propylacetylear 

bamide) 

Thrombopenic Sedormid 

purpura 

Aplastie anemia Neoarsphenamin¢ Review of literature 
MeCastor and MeCastor Circulatory col Sodium morrhuat« Recovery in both 

lapse eases 
Sugg... Dermatitis Cinchophen Review of literature 
Pfeiffer Edema around Pontocaine, 0.5% 

eyes solution 


Beecher Collapse Avertin with 7 Death in all 
amylene hydrate 


The current literature includes several reports of cases of drug 
allergy, and a few *°° are selected for the accompanying table. 

Insulin hypersensitivity is discussed in a thoughtful paper by Cohen 
and Simon,?°? who add their own experiences to the reports in the litera- 
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ture. They call attention to the difference of opinion regarding the 
underlying cause. Whether the active substance is the insulin protein 
itself, the animal from which it is derived or some substance developed 
in the manufacture is still an open question. No doubt there is a varia- 
tion among the cases which could account for the difficulties of study. 
It is interesting that Bernstein and his associates *°* were able to sensitize 
guinea pigs with crystalline insulin. 

Liver extract likewise has given trouble in a few instances. Criep *°° 
reviews the 7 cases reported in the literature and describes a patient 
who had asthma and urticaria after subcutaneous doses of liver extract 
but who could take the drug by mouth without difficulty. 

In his clinical lecture at the meeting of the American Medical 
Association in San Francisco, T. Fitz-Hugh Jr.’*° gave an interesting 
and helpful review of the whole subject of drug allergy and included 
many useful references. The history of drug allergy and the inter 
relation of the several manifestations were brought out clearly. Th« 
paper is good. Rhoads and his associates *** have thrown a new light 
on the nature of drug sensitiveness in animals. When dogs were given 
a diet deficient in riboflavin (vitamin B,, or G)—the so-called Gold- 
berger diet which produces pellagra—and then were treated with drugs 
like aminopyrine, severe anemia developed. Control animals, however, 
treated either with the drug alone or with the diet alone gave no such 
symptoms. Evidently the combination of diet and drug together is 
important. Perhaps further studies will show that drug allergy and 
possibly other types of allergy as well will depend on diet. The thought 
is intriguing. 

108. Bernstein, C., Jr.; Kirsner, J. B. and Turner, W. J.: Studies o1 
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News and Comment 


The Ella Sachs Plotz Foundation for the Advancement of Scientific 
Investigation.—Thirty-two grants were made by the Ella Sachs Plotz Founda- 
tion for the Advancement of Scientific Investigation during 1938. One of these 
was a continued annual grant; sixteen of the new grants were made to scientists 
outside the United States. 

In the fifteen years of its existence the Foundation has made three hundred 
and forty grants, which have been distributed to investigators working in Argen- 
tina, Austria, Belgium, Brazil, Canada, Chile, China, Czechoslovakia, Denmark, 
Estonia, Finland, France, Germany, Great Britain, Greece, Hungary, Iraq (Asia), 
Italy, Latvia, Lebanon (Asia), Netherlands, North Africa, Norway, Palestine, 
Poland, Portugal, Rumania, South Africa, Sweden, Switzerland, Syria, Vene- 
zuela, Yugoslavia and the United States. 

During the present great need for funds, grants will be given in the sciences 
closely related to medicine without reference to special fields. The maximum 
size of grants will usually be less than $500. 

Applications for grants to be held during the year 1939-1940 must be in the 
hands of the executive committee before April 1939. There are no formal appli 
cation blanks, but a letter asking for aid must contain a definite statement of 
the qualifications of the investigator, an accurate description of the proposed 
research and a statement as to the size of the grant requested and the specifi 
use of the money to be expended. Only applications complying with these con 
ditions will be considered. It is highly desirable to include letters of recom 
mendation from the directors of laboratories or clinics in which the work is t 
be done. 

Applications should be sent to Dr. Joseph C. Aub, Collis P. Huntington 
Memorial Hospital, 695 Huntington Ave., Boston 


Postgraduate Institute.—The fourth annual Postgraduate Institute, which 
will be held in the Bellevue-Stratford Hotel, Philadelphia, March 13 to 17, 1939, 
will be sponsored by the Philadelphia County Medical Society. Blood dyscrasias 
and metabolic disorders will be discussed. These subjects will be subdivided int: 
eighty-six clinical lectures, with open forum discussion of each topic. Dr. Rufus 
S. Reeves, 136 South Sixteenth Street, Philadelphia, is the director of the Post 
graduate Institute. 





Book Reviews 


Course of Changes in the Spinal Fluid of Syphilitics: A Clinical and 
Catamnestic Study. By Esbern Lomholt. Pp. 168, with 96 illustrations 
Copenhagen: Levin & Munksgaard, 1936. 

This monograph, a translation from the Danish, constitutes a unique and impor 
tant contribution to syphilology. Lomholt has utilized the extensive clinical and 
serologic material of the University Clinic of Dermatology of the Rigshospital, 
Copenhagen, and the State Serum Institute of Denmark. Thanks to the intelligent 
thoroughness of the Danish attack on syphilis, it was possible to follow larg: 
numbers of patients over long periods and to derive statistical information regard 
ing changes in the spinal fluid in syphilis which is probably not available else 
where in the medical literature. 

The findings are of value in understanding the development and course oi 
neurosyphilis and lead to certain conclusions regarding treatment. The book is 
divided into two parts: The first, comprising one hundred and sixty-eight pages, 
deals with the changes in the spinal fluid during the three stages of syphilis and 
in latency, with catamnestic studies of the course cf these changes. ‘The total 
material employed consisted of the records of 2,399 patients on whom 2,704 spinal 
punctures were performed during various stages of the disease. The second part 
contains detailed tables and case records on which the studies were based. Lom 
holt has analyzed this material with meticulous care and has considered only those 
statistical results in which the deviations exceeded three times the mean error. 

It is impossible to record in the present review more than a few of the con 
clusicns reached in this work. They are all of great interest to the physiciar 
treating patients with syphilis and emphasize many facts of value which are all 
too poorly known by members of the medical profession at large today. 

Considerable attention is given to the ancient criticism that early treatment 
with arsphenamine promotes the development of neurosyphilis. Some of Lomholt’s 
figures seem at first sight to support this idea. Of 204 patients with untreated 
primary syphilis, 9 (4.5 per cent) showed slight pleocytosis, while of 121 patients 
with arsphenamine-treated primary syphilis, 15 (12 per cent) exhibited a simila: 
slight pleocytosis. In Lombholt’s opinion, however, this apparent tendency ci 
arsphenamine to increase the incidence of pleocytosis is more probably due t 
the fact that the infection is a week or two older in treated than it is in untreated 
patients. Similar studies on treated and untreated patients during the secondary 
stage showed no such increase of pleocytosis in the treated patients. 

From a study of 693 cases of untreated secondary syphilis it was determined 
that the older the infection, the more frequently pleocytosis was noted. Whilk 
in untreated primary syphilis, pleocytosis was noted in only 4.5 per cent of the 
cases, the cell count was increased in 23.5 per cent of the 693 cases of untreated 
secondary syphilis. It was found, however, that the presence of leukoderma in the 
secondary stage of untreated syphilis increased the percentage of cases of pleo 
cytosis to 39, while the percentage rose to 60 in cases of secondary syphilis with 
iritis. 

Lomholt uses three criteria for “positivity” of the spinal fluid, viz., pleocytosis 
(more than 4 cells per cubic millimeter), an increased globulin content and a 
positive reaction to the Wassermann test. The spinal fluids are classified as 
being “completely positive’ (abnormal in all three respects), “combined positive” 
(abnormal in two of the three tests) and “isolated positive’ (abnormal in only 
one of the three). The most frequent change in the spinal fluid in primary and 
secondary syphilis is pleccytosis (4.5 per cent of the cases of untreated primary 
and 23.5 per cent of the cases of untreated secondary syphilis); the next most 
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frequent change is an increased globulin content (5.9 per cent of the cases of 
untreated primary and 10.1 per cent of the cases of untreated secondary syphilis) 
and the least frequent change is the positive reaction to the Wassermann test 
(3.45 per cent of the cases of untreated primary and 3 per cent of the cases of 
untreated secondary syphilis). 


Other interesting statistical facts brought out in the study are 


1. Repeated examinations of the spinal fluid during the first series of treat- 
ments in many instances revealed rapid improvement, but in some cases pathologic 
changes appeared in previously normal fluid, despite treatment with arsphenamine 
[here were never more than “isolated positive” findings, however. 


2. There was some degree of “positivity” of spinal fluid in over 20 pet 
cent of the cases of tertiary syphilis. 

3. In 48 (16.4 per cent) of 293 cases of seronegative latent syphilis, there¢ 
vas some degree of “pos#tivity” of the spinal fluid. This number included 1 
“completely positive,” 2 “combined positive’ and 45 “isolated positive’ spinal 
fluids. In 127 (32 per cent) of 398 cases of seropositive latent syphilis, there was 
some degree of “positivity” of the spinal fluid. This number included 26 .“com 
pletely positive,’ 40 “combined” and 71 “isolated” spinal fluids. Thus the changes 
in the spinal fluid were much more frequent and pronounced in seropositive 
in seronegative latent syphilis but were not entirely absent in the latter 
was a considerably greater tendency among men than among women for 
fluid to show some degree of “positivity” in seronegative latent syphilis. 

Lomholt gives an interesting account of the Danish system ot i 
syphilitic patients. In cperation the system is highly efi 
names is employed. The patients can be identified o 
back to the private records of hospitals, clinics or 
it was possible to trace more than 98 per cent of any 
and to follow the ccurse of the disease over many years yreat many interesting 
ind important facts were discovered by Lomholt by the u vf these records 
Thus, of every thousand syphilitic patients, from 2 howed dementia paralytica 
vearly. Again, pathologic changes ascertained in the spinal fluid during latency 
were already demcnstrable during the primary-secondary period, provided enough 
spinal punctures were made at the time. On the other hand, changes in the spinal 
fluid during the primary-secondary stage tended to subside with this period of 
the disease in a great many cases. It is thus not possible to predict from 
examinations of the spinal fiuid during the early stages of syphilis which patients 
are eventually destined to be afflicted with neurosyphilis. Furthermore, the reac 
tion cf the spinal fluid appears never to become positive after it has proved 
repeatedly to be negative during latency and in the absence of any clinical relaps« 
Other highly interesting statistical facts are demonstrated For instance, more 
than half the new male syphilitic patients were infected before their twenty-fifth 
year; dementia paralytica makes its appearance preferal in patients who have 
had one or more. secondary eruptions and seldom in patients who have never had 
a secondary eruption. Dementia paralytica develops most frequently above fifteen 
to twenty years after the original infection but may occur as carly as five years 
and not infrequently as late as thirty to fifty years after the appearance of the 
chancre. 

Incidentally, one learns that the incidence of syphilis in Denmark dropped from 
54 per ten thousand in 1919 to 3 per ten thousand in 1933. This gratifying reduc- 
tion can be attributed only to the almost universal registration and intensive treat- 
ment of syphilis in Denmark. The lessons for Americans are clear: Syphilis 
must be attacked nationally and intensively to be controlled, treatment must be 
early and vigorous and no case of syphilis can be handled properly without exami 
nation of the spinal fluid. What was relatively easy in so small a country as 
Denmark will be much more complex and difficult in the United States, but this 
is the goal to be achieved. 
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The Rheumatic Diseases. By Sir Leonard Hill, M.D., LL.D., F.R.S., and 
Philip Ellman, M.D., M.R.C.P. Price, 10s. 6d. Pp. 282. London: Edward 
Arnold & Co., 1938. 

Hill and Ellman present twenty chapters based on a series of lectures delivered 
by fifteen authorities on the study and treatment of arthritis. These lectures wer 
given during the winter and spring of the year 1936 to 1937 as a postgraduat 
course. This book has brought together good, concise presentation of what the 
authors thought about their respective subjects. 

The social and economic aspects are reviewed, with short comments on thx 
way the members of the medical profession and government officials in several 
countries are organized to treat patients with arthritis. A well presented dis 
cussion of the classifications and clinical types of arthritis helps to orient th 
reader. The chapters on acute rheumatic diseases of childhood and on rheumatisn 
of the spine are particularly well presented. They aré rather opinionated but con 
tain practical and helpful suggestions. The report of the relation of antistrept: 
lysins to chronic rheumatic diseases includes some interesting investigative worl 
that the author has done, especially in regard to the use of sulfanilamide and som 
of its derivatives. The use of drugs in the treatment of the rheumatic diseas« 
is discussed; however, little comment is made concerning their relative values 
There is an excellent chapter on the orthopedic and surgical treatment oi 
rheumatoid arthritis. 

In the series of chapters on physical therapy in the treatment of arthritis ther: 
are presented good explanations of the types of physical therapy to be used and 
the reasons for using them. The chapter on the physical basis of these types ot 
therapy is helpful as an introduction to the chapters that follow. The use oi 
hydrotherapy in the treatment of rheumatic diseases is particularly well discussed 
The chapters on physical action, methods used in physical therapy, indications fo: 
light therapy and the technic of local and general ultraviolet irradiation ar 
instructive and helpful, but the claims of value seem to have been more enthusias 
tically presented than those of other workers in the same field. 

The chapters on etiology, pathology and roentgenology contain the authors’ 
own opinions regarding these subjects. In the chapter on roentgenology especially, 
many of the newer interpretations of the findings are presented, some of which 
have been accepted by other authorities in the field and some of which are subject 
to debate. The chapter on the nose and throat in relation to rheumatic diseases 
and the two chapters on pelvic sepsis and chronic rheumatic diseases overstress 
the importance of these feci and are presented with too much optimism as to the 
results obtained. Sciatica and brachial neuralgia are presented with tables to 
help in making a differential diagnosis. In the chapter on nonarticular rheumatism 
the authors’ own views regarding causes and treatment are presented. Because 
there is much difference of opinion regarding these points, their views are well 
worth studying, but, like the others, they are not generally well accepted. 

The merits of this book are the concise presentation of the opinions of fifteen 
physicians who are making a study of rheumatic diseases and the completeness 
with which chronic rheumatic diseases are discussed. It is a collection of good 
articles on various phases of arthritis. For the student of arthritis it should 
be a helpful book for reference. For the practitioner it should create a much 
better understanding of the problems involved in the study of the rheumati: 
diseases. 


A fair criticism is that many points are stressed with apparently equal force, 
and because of this the physician is advised of so many important things to d 
that both he and his patient are lost in the confusion regarding where to start and 
where to finish. This is typical of the contemporary literature on rheumatism 
and should not detract too much from the value of this collection of papers. 
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The Biology of Arteriosclerosis. By M. C. Winternitz, M.D., R. M. Thomas, 
M.D., and P. M. LeCompte, M.D. From the Department of Pathology, Yale 
University School of Medicine. Price, $4. Pp. 142, with 116 illustrations 
Springfield, Ill.: Charles C. Thomas, Publisher, 1938 
This is a stimulating monograph, which shculd be of interest to students, 

teachers and practitioners. It is written in scholarly fashion and is well printed, 

with good illustrations. As the title suggests, it deals with the pathology oi 
vascular disease. 

There are nine chapters in the book, not including an introduction, a foreword, 

concluding chapter and two biblicgraphies. The first of the bibliographies was 
assembled by the authors and is referred to throughout the text; the second was 
first published by Dr. Elizabeth Ramsey in her review of the literature on nutri- 
tion of the blood vessels in the Yale Journal of Biology and Medicine, in October 

1936, and now has been brought up to date. These two bibliographies are 

omprehensive. 

The foreword gives a pleasant account of the background which led the 
iuthors to undertake the studies described in the body of the volume, and the 
introduction tells the reader what these studies are: “The material presented 
deals primarily with the interpretation of the morphology of arteriosclerosis, with 
emphasis upon the vascularity of the vessel wall and its relation to the disease 
manifestations of the intima. Evidence is offered for the interpretation of the 
nception of the processes as well as for the various sequences that follow in its 
wake. A unifying concept which embraces many different manifestations of 
lisease in the cardiovascular system including the arteries, veins, and heart valves 
s evolved.” 

The authors then proceed to present their point of view on vascular disease 
clearly and in an interesting manner. Their final conclusion is plainly under 
standable—the problem of arteriosclerosis may be approached by logically con 
sidering the artery as an organ subject to the same pathologic changes as are other 
tissues, instead of by regarding most vascular lesions as of degenerative origin and 


the inevitable concomitant of age. 


The Biology of Pneumococcus. By Benjamin White, Ph.D., with the col 
laboration of Elliott Stirling Robinson, M.D., Ph.D., and Laverne Almon 
Barnes, Ph.D. Price, $4.50. Pp. 820, with illustrations. New York: The 
Commonwealth Fund, 1938. 

This book represents a review of the literature on the biology of the pneumo- 
occus resulting from the studies on pneumonia carried out by the Massachusetts 
Department of Public Health during the years 1931 to 1935 under a grant from 
the Commonwealth Fund. It comprises a sorting out and evaluation of the litera- 
ture of the past fifty years. The first chapter is appropriately historical and in 
the sixteen subsequent chapters is followed by a detailed and orderly analysis of 
the present knowledge of the pneumococcus. Discussion of morphology, cultural 
methods and peculiarities, biochemical features, classification, dissociation and 
related phenomena, pathogenicity for animals and man, chemical constituents, poly- 
saccharide-splitting enzymes, antigenicity and antibodies, immunity, vaccines, 
chemotherapy and serum treatment lead to a final chapter on unsolved problems. 
An appendix on special methods includes facts relating to mediums, isolation of 
the pneumococcus, type determination, preparation of polysaccharides and bacterial 
enzymes, serologic reactions, potency and sterility tests on antipneumococcus serum 
and the preparation of diagnostic rabbit serum. 

Each chapter is briefly summarized after the more complete exposition of the 
phase of pneumococcic activity under discussion. In this way a correlation of the 
1,593 cited references is obtained. 

This sorting of all the literature on the bacteriologic, biochemical and immu- 
nologic characteristics of the pneumococcus, with emphasis on the most important 
events in the development of knowledge in this field, represents a tremendous task. 
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which will be of invaluable aid not only to those working in the research aspects 
of pneumococcic disease but also to those whose casual interest demands at times 
ready reference to any phase of pneumococcic infection. The purpose behind this 
text could well be applied to many other fields of medical knowledge. 


Bile: Its Toxicity and Relation to Disease. By O. H. Horrall. Price, $4 
Pp. 434. Chicago: University of Chicago Press, 1938. 

A bibliography of no less than 2,177 titles gives an idea of the scope of this 
compendium, which is surely an unsurpassed reference book on the subject of the 
bile. Unfortunately the text is made up of terse and often disjointed statements 
of fact or experimental work; there is no smooth continuity or unified point oi 
view. Indeed the reviewer found it practically impossible to plough straight 
through this plexus of more or less uncoordinated statements. It was a surpris« 
also not to find chemical formulas for bile pigments and acids given anywhere in 


} t 


the text. None the less, as an encyclopedia on bile, the book should prove mos 


useful. 


Subacute and Chronic Pericardial and Myocardial Lesions Due to Non- 
Penetrating Traumatic Injuries. By Erik Warburg. Translated by Hans 
Andersen and Gerda Seidelin. Price, 12 s. 6 p. Pp. 147, with 17 illustrations 
London: Humphrey Milford, 1938. 


The question of damage to the heart as a result of an extreme nonpenetrating 
injury is not only of interest but of great practical importance. Especially in 
medicolegal cases does this problem come up. The present scholarly study should 
be especially valuable to physicians since all the literature on the subject, witl 
detailed case reports, is assembled. Many of the cases are not entirely clear, sinc: 
autopsies were not always done, but the author has assembled the best informatior 
available. It seems clear that severe damage to the heart and pericardium may 
often result from external trauma. 

Clinical Chemistry in Practical Medicine. By C. P. Stewart and D. M 
Dunlop. Second edition. Price $4. Pp. 372, with 38 illustrations. Baltimor: 
William Wood & Company, 1937. 

This little book deals with the “chemical” diagnostic procedures commonly 
used in the clinic. In addition to descriptions of technic, there are brief para 
graphs on the rationale of the various tests. Some of the outstanding topics at 
basal metabolism, acid base balance and renal function. The main criticism of this 
work is that little seems to be added to what is already readily accessible in 
dozen places. The section on examination of the stomach contents displays a 
disregard of modern concepts and is the most unsatisfactory part of a book whicl 
at best arouses little enthusiasm. 


A B C of the Vitamins: A Survey in Charts. By Jennie Gregory, M.S 
Foreword by Walter H. Eddy, Professor of Physiological Chemistry, 
Teacher’s College, Columbia University. Price, $3. Pp. 93, with 56 charts 
Baltimore: Williams & Wilkins Company, 1938. 

This beok presents the known facts relative to the distribution and the fun 
tion of the vitamins in a graphic fashion that is reminiscent of one’s early school 
days. It presents no new material but does cover a rather wide field with a 
reasonable degree of accuracy. The subject matter is presented entirely in charts 
that are carefully prepared and well done. It provides the reader with an easy 
and pleasant method of becoming acquainted with the subject and provides the 
lecturer with some ready-made charts that will aid in introducing the subject 
to his audience. 





